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FOREWORD

Rigid control of contamination has contributed to the reliability and precision of
vehicles and instruments sent out to explore space. Experience gained in the aerospace
community also can be helpful in the pharmaceutical, electronic, and many other indus-
tries in which extreme cleanliness is important. This is one of three Special Publi-
cations issued by the NASA Office of Technology Utilization to help extend and diffuse
current concepts and techniques of rigorous contamination control.

The first of these documents, Contamination Control Principles, SP-5045, was
issued in 1967 when a NASA Contamination Control Panel called attention to the wide-
spread need for guideline information. The George C. Marshall Space Flight Center,
the Manned Spacecraft Center, and the John F . Kennedy Space Center were represented
on that panel by, respectively, Frederick J. Beyerle, Quintin T. Ussery, and Dr. John
Gayle. Since then a number of special courses for technicians and supervisors employed
in clean rooms have been given, and the lectures prepared by James W. Useller for one
of those courses at the Lewis Research Center have been published in Clean Room

Technology, SP-5074.

This handbook deals in more detail with many of the same matters discussed in
SP-5045 and SP-5074. It was prepared for the George C. Marshall Space Flight Center
under the direction of H. D. Sivinski, Manager of the Planetary Quarantine Department
at the Sandia Laboratories and one of the authors of Contamination Control Principles .
He was assisted in this work by a team that included D. M. Garst, K. F. Lindell,

W. J. Whitfield, and J. A. Paulhamus and their associates at the Sandia Laboratories;
Dr . John Beakley and L. Hughes of the University of New Mexico, and Mrs. Dorothee
Drury, technical editor.

The authors' purpose was to assemble in one volume the information and data most
likely to be of practical help to persons engaged in contamination control in industrial and
related operations . Although commercial names have been used, mention of them does
not constitute endorsement by the authors or any Government agency. The group respon-
sible for this work drew on many sources of information and has included matters about
which there may still be controversy, but the information presented has been verified to
the extent believed practical.

Ronald ] . Philips, Director

Technology Utilization Division
Office of Technology Utilization
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SECTION 1

INTRODUCTION TO CONTAMINATION CONTROL

To effectively control contamination, a multipoint program is required from the
design stage through to final application. A broad range of knowledge must be brought to
bear on the problem ranging from types of cleaning agents to contamination monitoring
techniques, from material composition to kinds of soils. Because of the breadth of the
problem and the wide range of disciplines encountered, it is necessary for anyone with
the responsibility for initiating and administering a contamination control program to

understand:

a, What constitutes contamination

b. The environments in which contaminants are found

c. The effects of contamination

d. The means by which contamination may be controlled and monitored.

These factors and their relationship are graphically portrayed in Figure 1-1.

In order to establish a frame of reference, it might be good at this point to define a
few basic terms which are used throughout this handbook. These and other terms may be
found in the Glossary (Section 11),

Contaminant

Contaminee

Environment

Contamination Control

Any material, substance, or energy that is unwanted
or adversely affects the contaminee.

That which is or can be contaminated. Contaminees
may be products, materials, devices, people, gases,
or surfaces.

The total of all factors which might influence or cause
contamination of a contaminee. The primary factors
of environment are the forms air, gas, liquid, solid,
or surfaces.

The planning, organization, and implementation of all
activities needed to determine, achieve, and maintain
a required cleanliness level in, on, or around the
contaminee,
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Figure 1-1. The primary elements of contamination control and their relationship
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Cleanliness is not absolute; it is a relative condition denoting the degree to which a
contaminee can be isolated from or cleansed of contaminants. A level of required clean-
liness must first be established for a contaminee before it can be determined what tech-
niques are needed to achieve the desired result. A multipoint contamination control pro-
gram can then be designed by taking the following steps:

a. Determine the degree of cleanliness required in order to permit the con-
taminee to function satisfactorily.

b. Prepare a design with optimum materials, configuration, and tolerances
to help attain the desired cleanliness level.

c. Select and train personnel in contamination control techniques. Plan
refresher courses before the contamination control operations begin.

d. Select and obtain the proper materials, equipment, and methods best
suited to do the assigned job.

e. Process the product flow so as to minimize the chance for recontamina-
tion after cleaning operations.

f. Select personnel and equipment to perform the monitoring task,

1.1 Contaminants

A contaminant is defined as ''Any material, substance or energy that is unwanted
or adversely affects the contaminee.'"" This definition is intentionally broad so as to em-
phasize the scope of the subject and to adequately encompass its many ramifications.
Some of the ways in which contaminants may be grouped are:

a. Sources

b. Viability

¢.  Environment in which normally found

d. Form or state (particle, gas, liquid, wave, etc.)

e. Chemical composition

f. Removal reaction to cleaning agents and methods

g. Effects on materials and function,

Each of the groups above could be expanded almost infinitely to add depth and detail to
their description as was done for source and form in Table 1-1.

It should be emphasized that any given material or energy may be a contaminant in
one situation yet may be desirable or not be considered a contaminant in a different situa-
tion. This location or environment-dependent relationship is clearly shown in the follow-
ing examples:
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TABLE 1-1

Contaminant Sources and Forms

SOURCFES AND
RELATED
CONTAMINANTS

CONTAMINANT FORM OR STATE

Particulate Gaseous Liquid

Film

Radiation

Microbial

ATMOSPHERE:
Condensates
Airborne particulate
Gas

X

I

X

CLOTHING:
Lint and fibers

INDUSTRIAL PROCESSES:
Chemical films
Chemical vapors
Chips and burrs
Combustion gases
Cleaning solvents
Coolants and oils
Flue dust
Flux particles
Flux vapors
Lubricants
Machining: heat, sound, vibration
Oxides
Plating baths
Sand, ctc.

Smoke fumes
Solder/weld spatter
Soldering, heat
Solvent residue
Sublimated flux
Welding: light, heat

bl i
4

e

b

PEOPLE:
Bacteria and virus
Body vapors
Cosmetics
Epidermal scale
Hair
Skin oils
Rickettsiae
Tobacco smoke

XM R

w X

PLANTS:
Fungi
Pollen

PRODUCT:
Corrosion
Material shedding
Outgassing

Wear particles

Sublimated materials from flux, plastics, etc.

"X

RADIOACTIVE MATERIALS:
Alpha particles
Beta particles
Electrons
Gamma rays
Neutrons

ER

MM R XM

SOIL:
Bacteria
Fungi
Protoza

E ]

X

SUN:
Electromagnetic
Ultraviolet
Visible light
X-ray

XM

TRANSPORTATION:
Exhaust fumes

Wear particles: road, rails

Wear particles: tires, wheels, paint, etc. X

CCNSTRUCTION:
Dust
Fumes
Sawdust
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a. The products of oxidation are normally contaminants, yet controlled
oxidation protects aluminum and provides other useful materials.

b. Light is an essential medium, but it is a contaminant in a photographic
dark room,

c. Microbial organisms provide many useful services, yet under different
circumstances are the cause of disease to man and animals,

d. Lubrication products are needed for many moving parts but must be
completely absent in many other devices, such as electrical contacts.

The enormity and complexity of the field of contamination control can only be sug-
gested by the foregoing discussion.

1.2 Environments

Contaminants can be in, on, or around the contaminee or the environment in which
the contaminee is located. In nearly all instances, however, the environment is the con-
taminating influence, and the sequence of contamination is as fcllows:

SOURCE ENVIRONMENT CONTAMINEE

In contamination control, a distinction should be made between:

a. Critical Environment -- Those factors, conditions, or influences in the
immediate vicinity of or in contact with the contaminee.

b.  General Environment -- Those factors, conditions, or influences in the
same general area (rcoms, bench, enclosure, work station) in which the
contaminee is located.

The general types of environment are air, gas, liquid, solid, and surface. Specific fac-
tors which are frequent offenders in contributing contamination are people, tools, fix-
tures, equipment, control devices, etc.

Because a complex and critical relationship exists among contaminants, environ-
ments, and the contaminee, much contamination control effort is directed toward remov-
ing contaminants from environments before they come in contact with the contaminee.
This preventive rather than corrective approach is desirable in most cases and essential
in some,

1.3 The Origin of Contamination - Sources and Types

Contamination is the product of activity. Activity is the result of expended energy
and may be mechanical, chemical, electrical, thermal, or radiological in nature. Virtu-
ally every activity of man generates or contributes to the generation of contamination.
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Likewise, naturally occurring activity further contributes and distributes contamination.
Theoretically, a perfectly clean environment can be attained only in a complete vacuum,
devoid of all life and activity. As the amount of man-made activity increases, the amount
of contamination to be contended with also increases. It is imperative, therefore, that
means be found to eliminate or control contamination to a tolerable level.

In order to develop controls for contamination, it is first necessary to recognize
the sources and the types or forms of contamination produced. Table 1-1 should serve
as a guide to this recognition; it is not intended as an all-inclusive list of contaminants.

1.4 The Mechanisms of Contamination Migration

If all contaminants were immobile, many contamination control problems would
never exist, However, activity not only creates but also provides the mechanisms for
moving contaminants from one place to another. Contaminant migration generally takes
place as described in Table 1-2,

TABLE 1-2

Contaminant Migration Mechanisms

Carrier Method of Movement

Fluids Contaminants are suspended, adsorbed, or dissolved
in the fluid, Particulates are dropped out as velocity
decreases or as they become attached to surfaces.

Solids Entrapped, adsorbed, or absorbed contaminants are
moved as the solid is moved from place to place.

Physical contact carriers Migration occurs by means of the operators hands,
tools, fixtures, etc.

Waves In most cases, such as with heat, light, sound, etc.,
the propagation mechanism is an inherent characteris-
tic of the contaminating energy.

1.5 The Mechanisms of Contamination Retention

Contamination retention usually occurs through the attachment of particles, liquids,
and gases to surfaces. The type and strength of the forces exerted to hold the contamina-
tion to a surface are important considerations in determining the most appropriate method
of removal.
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1.6

The more common mechanisms of retention are listed below:

a. Gravity -- The amount of contamination retained by gravitational forces
depends on the angle of the surface from horizontal.

b. FElectrostatic Charges -- Such charges not only hold contamination, but
also attract it from the surrounding environment. If possible, the polar
characteristic of a cleaning agent should match that of the soil to be re-
moved.

¢. Molecular Attraction -- Involves adhesion and adsorption and the effects
of van der Waal's forces. It is directly affected by particle size, shape,
composition, and contact area as well as the surface roughness,

d. Viscous Surface Coatings -- A common cause of contamination retention
particularly where machining, lubricating, or skin oils are encountered.

e. Physical Entrapment -- Should be a definite consideration for rough sur-
face finishes or porous surfaces and materials.

Bibliography
"The Adhesion of Solid Particles to Solid Surfaces, A Review:" Morton Corn;
presented at the 54th Annual Meeting of the Air Pollution Control Association,

New York, New York; June 11-15, 1961,

Contamination Analysis and Control: James L. Dwyer; Reinhold Publishing

Corporation, New York, New York; 19686.

Contamination Control Principles: NASA SP-5045; 1967.
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SECTION 2

CONTAMINATION CONTROL IN PRODUCT DESIGN

The objective of considering contamination control at the product design stage is to
eliminate contamination that might constitute a hazard or interfere with the intended func-
tion of the product. All too often, contamination control procedures are not developed
until after a product failure has taken place., It is difficult to foresee every potential con-
taminant in every case; but many costly rejects caused by contamination might have been
prevented if contamination control had been a factor in product design. At this stage,
features can be incorporated in the design to:

a. Minimize or eliminate sources of contaminant generation

b.  Render the product least susceptible to contamination

c. Facilitate contaminaiion removal and menitoring,

2.1 Control of Contaminants Through Product Design

To create a truly effective design, the product designer must be aware of more than
just the function and reliability requirements; he must also be aware of the following fac-
tors of the total product life:

a. Cleanliness requirements

b. Manufacturing and processing environments

¢. Manufacturing processes

d. Test procedures and equipment

€. Storage and use conditions.

In taking specific steps to control contamination, the designer should

a. Consider all possible sources, types, and amounts of contamination
which the product may encounter

b.  Be aware of the different control techniques available



C.

Specify requirements and features which will help achieve and maintain
the needed cleanliness level.

Table 2-1 gives more detail on these three areas. The items listed under each
heading in this table may be considered in any logical sequence and not necessarily in
the order listed.

The following checklist is designed tc assist in determining whether all reasonable
contamination control measures have been considered. It may be necessary to modify
this checklist for special situations or products considered, but it should give an idea of

the approach to be taken,

Designer's Contamination Control Checklist

10.

11.

12,

Identify contaminant-sensitive parts, assemblies, surfaces, ports, areas,
etc., that require some level of cleanliness.

Define the level of cleanliness required.

Define the contaminants that cannot be tolerated.
Define purity requirements for basic materials,
Define sequences of assembly to facilitate controls.,
Detine cleaning methods to be employed.

Define cleanliness levels required for assembly and process areas and
facilities.

Define purity requirements of materials used in production and cleaning
processes,

Define methods for measuring cleanliness levels of controlled areas and
facilities.

Define methods to be employed for exciuding contaminants from clean
items and assemblies.

Define tests and measurements to verify effectiveness of control tech-
niques.,

Define methods for servicing or maintenance operations that assures con-
tinuity of the required cleanliness level.

Table 2-2 provides a detailed list of factors which may affect contamination of the
This list should be used in conjunction with the checklist above.

product.
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TABLE 2-2

Factors Affecting Contamination in Product

General Characteristics
Areas of Consideration for Design Considerations
Materials Purity Electrical
Mechanical

Method of analysis

Generation of con- Corrosion
taminants Outgassing
Wear products
Shedding
Flaking

Workability Burrs
Flashing
Galling
Finish

Compatibility with Corrosion

other materials Galvanic action
Galling

Wear

Lubricants
Preservatives
Reaction to cleaning

Configuration Parts Accessibility to surfaces
Blind holes
Capillary traps

Assemblies Accessibility to sensitive areas
Mating of materials

Generation of contaminants
Protection of parts

Dimensioning Parts Tolerance limits
Contaminant limits

Assemblies Mating surfaces
Contaminant limits

Fabrication (forming Casting Sand and cores
and finishing) Residues

Blind holes
Capillary traps
Entrapped gases




e. General Aspects of Degreasing Solvents:

Trichloroethylene

(1) most widely used

(2) optimum from efficiency and cost

(3) stabilization easily controlled

(4) temperature of cleaned parts acceptable
(5) high solvency power

(6) easily and effectively distilled

(7) lower heating needs than perchloroethylene.

Perchloroethylene

(1) removes moisture and moisture contentjof aqueous
solutions

(2) stabilized solvent shows little tendency to hydrolyze
(3) higher boiling point advantages:

(a) better removal of tars and waxes with melt-
ing points in the 190° to 250°F range

(b) reduced staining of light-gage metal
(c) parts undergo longer cleaning cycles
(d) more complete drying of work.
(4) higher boiling point disadvantages:
() heating requirements higher and more costly
(b) may bake insoluble contaminants on parts

(c) higher solvent vapor temperature may not be
compatible with certain materials.

Methylene Chloride

(1) lowest boiling point of usual degreaser solvents

(2) reduced degreaser heat requirements

111-38
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(1) the work piece is lowered into the vapor zone of the
degreaser

(2) the solvent vapor condenses on the cooler parts, dis-
solving the contamination

(3) the condensed vapor flows down over the part, carrying
the contamination to the boiling liquid in the bottom of

the tank

(4) condensation ceases when the part reaches vapor tem-
perature

(5) the part is raised out of the degreaser and itimmediately
dries.

Types of Cleaning Agents Used -- Selection of the proper degreas-

ing cleaning agent requires a study of the particular application
including such factors as the material to be cleaned, the type and
amount of contaminant to be removed, the configuration of the
material, and the cost and reclamation potential of the cleaning
agent. The solvents commonly used for vapor degreasing are:

trichloroethylene
perchloroethylene
trichlorotrifluoroethane
methylene chloride
methyl chloroform
azeotropic mixtures

Properties of vapor degreasing solvents are shown in Table 3-16,

Degreaser Solvent Criteria -- Solvents used for vapor degreasing

should meet all or most of the following criteria:

(1) high solvency for oils, greases, waxes, and similar
contaminants

(2) high vapor density relative to air

(3) boiling point within a range to facilitate vapor condensa-
tion on the work and readily permit separation from
contaminants by distillation

(4) relatively low heat of vaporization and specific heat

(5) noncorrosive to metals of construction or to the work
piece; usually stabilized or inhibited

(6) chemical stability as used for degreasing

(7) nonexplosive, nonflammable, and controllable as to
health hazards.



TABLE 3-15

Types of Vapor Degreasers

Type of Cycle

Application

Vapor only

Removal of light soils soluble in the degreasing
solvent; flat surfaces or other simple shapes.

Spray-vapor

Used primarily for compounds which would be
baked on the workpiece if first subjected to vapor
degreasing,

Vapor-spray-vapor

More effective in removing medium light soils
and insoluble contaminants, penetrating blind
holes, and cleaning partially accessible complex
shapes.

Vapor-immersion-vapor

Generally used for removing medium heavy soils
on parts with thin wall sections or small bulk
parts in baskets or other containers.

Boiling solvent-cool
solvent-vapor

Effective for loosening and removing heavy soils
and for cleaning closely basketed complex shapes.

Ultrasonic

Combined with vapor degreasing, produces a
higher degree of cleanliness; applied after pre-
cleaning; followed by spray and vapor rinses; may
be used for small, intricate parts, printed cir-
cuit boards, castings, miniature assemblies, and
removing contamination from blind holes or re-
mote surfaces.

Other combinations

Other cycle combinations may be devised for
special cleaning needs. Experienced equipment
manufacturers can furnish this assistance.

Vapor degreasing produces a degree of cleanliness sufficient for
many industrial operations. When used with an ultrasonic unit,

it provides cleanliness levels that are adequate for precision and
miniaturized parts and for subsequent electrical or electrochemi-
cal processes. A degree of cleanliness between 1.0 and 0.1
monomolecular layers of contamination has been achieved,

b. Operation -- The steps normally followed in vapor degreasing
parts are outlined below:
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Many deionizing systems are designed to reuse the deionized water after it has
been used for washing or rinsing purposes. The impurities picked up are generally
much less and more easily removed than the impurities in raw water.

Maintaining the sterility of high purity water is an operating consideration which
requires periodic or constant surveillance and control in bacteria-sensitive systems.
Flushing the system periodically with sodium hypochlorite or other liquid sterilizing
agents will control bacterial growth in most instances. Bacterial growth can also be
retarded if the water in the system is not exposed to air. If resins become coated with
bacteria, their effectiveness may be seriously reduced or completely eliminated.

3.4.2 Vapor Degreasing

a. General -- Vapor degreasers use solvent vapors to chemically
dissolve anduse condensate to remove solvent soluble contamination
such as oils, greases, and organic matter from part surfaces,
Other types of contaminants held to the part by the solvent solu-
ble contaminants are usually also removed by the cleaning action.
Several types of vapor degreasers are shown in Figures 3-5, 3-8,
and 3-7. Other variations available on degreasers are described
in Table 3-15,
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Figure 3-5,  Vapor spray degreaser
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TABLE 3-12

Water Purification Methods

common contaminants,

Purification Contaminants Removed
Method or Function Remarks
Distillation Removes gross amounts of Original purification method;

slow; not practical for large
quantities.

Activated charcoal

Removes odors, dissolved
gases and residual organic
material,

Chlorination

Kills micro-organisms.

Ultraviolet
germicidal lamp

Kills exposed micro-
organisms

Lamp should be checked
periodically for effectiveness.

ticulate and coagulated
matter, and bacteria
above the filter pore size.

Settling Removes coagulated mate-
rials and suspended par-
ticulate matter.
Softening Removes calcium, magne- Zeolite type beds; increases
sium, and iron ions. sodium content and leaves
neutral salts.
Demineralization Removes cations and Dual-bed for heavy contami-
anions to a high-purity nants; mixed-beds for lighter
level, contaminants or combined
systems.
Filtration Removes suspended par- Filters must be replaced

periodically to remove con-
taminants and assure required
volume.
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TABLE 3-11

Average Hardness and pH Values of
Natural Water in Selected States

State Hardness pH
Alabama 65 6.9
California 163 7.7
Indiana 331 7.4
Maryland 41 6.8
Massachusetts 28 6.4
South Dakota 504 8.0
Texas 219 7.8

Many water purification methods are commercially available. Again, the correct
system for any one application must be determined only after considering all parameters
of that application, such as the volume of water needed, the type of use (intermittent or
continuous), the degree and type of purity required, site of use, and the distribution sys-
tem. Various purification techniques and their functions are shown in Table 3-12,

Although other water purification techniques are commonly used to increase
water purity, demineralization by ion exchange in resin beds or columns is a most effec-
tive method of producing high purity water. This method uses resins which have the
property of exchanging the ions which make up water, H+ (hydrogen) and OH- (hydroxyl),
for the dissolved mineral ions in the water., Most deionization systems can be regener-
ated when their supply of H+ and OH- ions has been exhausted. A laboratory-capacity
deionizer is shown in Figure 3-3,

The electrical conductivity (and resistance) of water varies with mineral content,
thus providing a readily available means of measurement and monitoring, Conductivity
of water is commonly expressed in micromhos per centimeter (umho/cm). A pumho is
one-millionth of an mho, which is the reciprocal of an ohm. This property is therefore
often expressed in terms of megohms per centimeter. The relative resistance and con-
ductance values of water containing ionizable impurities are shown in Table 3-13.

The conductivity of naturally occurring water depends on the water temperature
and the type and concentration of minerals present, The dissociation of water increases
as the temperature rises, so that the conductivity varies with temperature, This is
illustrated in Figure 3-4,

Any natural water contains several different minerals, the principal ones being
calcium, magnesium and sodium bicarbonates, sulphates, and chlorides. Dissolved car-
bon dioxide is also usually present. Since different minerals vary in their ionization
and therefore impart varying degrees of conductivity to the water, it is necessary to
know the minerals present and their concentration. A list of selected elements is given
in Table 3-14.
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Any system for purifying water must be designed for its particular application,
Each combination of system, use requirements, and water supply is unique in its
characteristics. The use requirements will establish the maximum concentration of
acceptable impuritics. In order to determine the kind of system needed, however, the
type and amounts of impurities in the locally available water must be carcfully analyzed.
In some cases where the mineral content is not excessive, it may be more economical
to use private wells rather than the municipal water supply.

The mineral content of water is expressed in terms of "hardness, " or more
specificallv, "grains of hardness, ' where one grainequals 17 ppm of calcium carbonate.
Other constituents of water include silica, iron, sodium, and magnesium.

Natural water, as found in the United States, is relatively neutral, It ranges
in pH value from 6.5 to 8.0. Generally, water found along the east coast is ncutral or
slightly acidic, while water in midwest and western parts of the country is slightly
alkaline.

A pH relative strength chart is shown in Figure 3-2. A representative sample
of water hardness and pH values for several states is shown in Table 3-11.

INCREASING INCREASING
<«———ACIDITY 10,000,000 ALKALINITY—
1000000 .

=
100,000
I

10,000

| o
000

100

< Bt

| { T T

01 23456 7 89101 121314

The above chart shows the relationship of pH vaiues to relative
acidities and alkalinities. The acid region is below 7 pH, the
pH values decreasing with increasing acidity. The alkaline
region is above 7 pH, the pH values increasing with increasing
alkalinity. Notec that the relative strength changes tenfold for
each unit change in pH.

Source: Courtesty of Beckman Instruments, Inc.,
Fullerton, California

Figure 3-2. pH scale relative strength
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c. Suspended particulate matter

d. Dissolved gases

e. Microorganisms.

Courtesy of Interlab, Inc., Pleasantville, New York

Figure 3-1. Precision cleaning station
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(4) spray: widely used and effective for many soils; nozzles
must be arranged so that solution hits the work piece
from all sides

(5) circulating pumps: good for immersion cleaning if part
configurations are compatible.

b. Movement of Parts:

(1) endless wire belts

(2) rotating drums or barrels; provides additional tumbling
action

(3) oscillation or off-center rotation of suspension rods;
parts must be racked or in baskets

(4) hydraulically activated baskets; basket is an integral
part of the washer; surging action provided by lowering
and raising basket into and out of solution.

3.4  Precision Cleaning

The term precision cleaning has not been clearly defined; however, a high degree
of surface cleanliness is implied. The degree may vary from absolute visual cleanliness
to less than one molecular layer of soil.

As the need for cleanliness increases, so does the need for high purity solvents,
closely controlled techniques, clean environments, and more sensitive test methods,
An example of some of these features is shown in the combined multistage cleaner/
laminar flow bench in Figure 3-1.

3.4.1 High Purity Water

Among its other vital uses, water has always been known to man as a washing
agent. Today, large quantities of high purity water are needed by industry in chemical
production, parts rinsing, and cleaning operations. Although water is often considered
as a rinsing medium and is frequently used for this purpose, high purity water is also a
highly effective solvent for some soils.

In its natural state, water contains many impurities which inhibit or preclude
its use for industrial purposes. The types and concentrations vary widely with different
geographical areas but can generally be classified as:

a. Dissolved mineral matter

b. Organic matter
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TABLE 3-10

Comparison of Washer Filtration Methods

Type of
Removal and Method and Relative Cost
Disposal Effectiveness Considerations
Solution Entire solution discharged and Nominal for light cleaning;
replacement replaced; varying degree of generally costly in solution
cleanliness from very good to and heat consumption, and
poor. loss of production time.
Centrifuging Effective for many soils, but High first cost and mainte-

and filtering

requires sizeable installation
for high flow rates.

nance,

Edge strainers

Overflow principle; can handle
large quantities of top-floating
material.

Minimal solution loss; one of
least costly methods.,

Sludge conveyor

Bars scrape tank bottom and
deposit soils in sludge tank;
good for heavy insoluble
particles.

Nominal first cost; minimum
maintenance cost.

Belt filter

Roll filter material lays on top
of conveyor, under spray
chamber; effective to 20
microns.

Reasonable cost for this type
of filtration,

Fine filtering
system

Very effective for selected or
all soils to low micron size;
usually a special attachment
to washer.

High first and operating cost;
must be justified by require-
ments.
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b. Two—Stage:

(1) usually spray or paddle wheel type

(2) one stage may be a rinse or dry operation.

c. Multistage:

(1) conveyorized using rollers, endless wire-mesh belts,
flight bars, monorails or spiral rotating drums

(2) normally includes several washes, plus rinsing and
drying

(3) high quantity production

(4) many combinations of washing methods and equipment
available.

Cleaning agents are discussed in detail in Paragraph 3.5. Detergent, acid,
alkaline, and solvent solutions are available for industrial washing applications. It is
sound practice to consult materials, contamination control, and processing specialists,
as well as manufacturers' representatives, in planning the cleaning agent and type of
operation to be employed.

Since the purpose of washing is to remove unwanted soils, it is equally important
that these soils be removed from the solution to prevent redeposition on the work piece.
In the case of spray equipment, accumulated soil will also clog the spray nozzles.

The relative merits of various filtration methods are shown in Table 3-10,

3.3.4.2 Agitation

Many factors such as solution chemistry, heat, time, and agitation are important
to effective and economical parts cleaning. The subject of agitation is sometimes rele-
gated to minor importance but is, in effect, a most important consideration. Agitation
provides the functions of soil removal by physical action, carrying the soil away from
the parts, and in some cases, furnishing a fresh supply of solvent to the parts. Some of
the conventional means of achieving agitation are listed below:

a. Movement of Solution:

(1) boiling the solution: sets up convection currents, but not
recommended for all solutions

(2) compressed air: provides solution movement, but may
cause excessive foaming especially with detergent-type
solutions

(3) paddles: provide a continuous large volume of cleaning
solution to the parts at a low pressure; simple yet effec-
tive, especially for fine particles and chips
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d. Steam -- Pressurized steam is effective for removal of heavy
oils, grease, and sludge deposits as well as most shop dirt.
Ferrous metals will oxidize rapidly after steam cleaning if
they are not protected.

e. Chipping -- Manual chisel and hammer operation for removing
excessive weld beads, heavy weld spatter, and scale,

f. Wiping -- Usually limited to dirt, oils, and grease to prevent

contamination of subsequent and more precision cleaning pro-
cesses, Solvent-saturated wiping cloths are generally used.

3.3.4 \iV_ashers

Industrial or parts washers are used to remove and dispose of contamination
which would be deleterious to further processing or to the end use of the product,

3.3.4.1 Types of Washers

The combination of types of washers and cleaning solutions available is nearly
unlimited, but some of the standard size types will be described in this section, Be-
cause of the variety of cleaning situations encountered, many washing operations are
custom-designed to fit process needs. It is extremely important in planning a cleaning
function of this type, as with all cleaning, to consider the parameters shown in Table 3-1,

Parts washers are characterized by various features, some of which are:

a. Work piece size or volume capacity

b. Type of washing action or agitation

c. Number and types of stages

d. Degree of automation

e. Type of part conveyance

f.  Type and capacity of filtration system.

Commercial nomenclature for parts washers includes the following general types:

a. Single Stage:

(1) uses immersion, spray or steam as cleaning method

(2) manual or automated operation

(3) usually used for batch or small quantity production,

II1-23



gauntlet gloves, as well as appropriate leg and ankle protection. In the case of dry
blasting, all necessary precautions should be taken against the possibility of operators
contracting silicosis.

TABLE 3-9

Comparison of Wet and Dry Abrasive Blasting Methods

Wet

Dry

Type of force used

Compressed air

Compressed air

High-speed mechanical blower

Abrasive media

Aluminum oxide
Garnet

Quartz

Novaculite

Silica

Organic materials
Glass beads

Metallic shot

Metallic grit
Aluminum oxide
Garnet

Quartz

Novaculite

Silica

Organic materials
Glass or plastic beads

Typical types of
soils removed

Light rust
Surface oxides
Light mill scale
Welding scale

Rust

Mold sand

Mill and heat-treat scale
Welding flux

Paint

Carbon

Weld spatter

3.3.3 Mechanical Cleaning

Soil removal by mechanical means, although not usually considered to be a con-
tamination control process, does have its place in the removal of gross soils, Abrasion
or erosion is employed as the means of soil removal.

Some of the more common mechanical cleansing methods are:
a. Grinding Wheels -- Used on portable or stationary grinders to

remove heavy weld spatter, flash, and scale. Disc or belt
sanders may be used for lighter soils.

b. Wire Brush -- Either manual or power brushes are used for
removal of weld scale and light oxides; not recommended for
titanium,

c. Rasp Files -- Manual operation for heavy metallic soils.
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Although other cleaning methods are generally used for the removal of oil and
grease, barrel cleaning can be used for this purpose. Cleaning action is provided by
an alkaline solution, solvent or emulsions, or a suitable combination of the three.

Barrel descaling is more commonly used than barrel cleaning, Acid compounds
are usually preferred for their faster action, and may be supplemented by wetting agents
and abrasives.

Dry tumbling is a means for gross cleaning castings and forgings. Mill scale,
sand, and hardened mold release materials are effectively removed by this method.
After tumbling, the work must be removed from the medium. Magnetic separating de-
vices may be used for ferrous parts and reciprocating or vibrating screens for non-
ferrous parts.

To achieve the best results from barrel cleaning, the following factors must be
considered:

a. Barrel Speed -- Proper speed to regulate part movement without
incurring centrifugal force sufficient to hold parts on the barrel

surface

b.  Compound -- Proper for application; noncorrosive; maintained
at adequate concentration

c. Water Level -- Sufficient to prevent excessive tumbling without
completely filling barrel

d. Medium -- Correct material, size, shape, and quantity to pro-
vide desired scrubbing or abrasive action

e. Work Pieces -- Proper size to be accommodated by the barrel,
configuration to prevent interlocking, and composition

f.  Flushing -- Parts and barrel should be flushed after tumbling to
remove objectionable residues.

3.3.2 Abrasive Blast Cleaning

Abrasive blast cleaning involves the forceful impingement of abrasive particles
against a metal surface to remove unwanted soils. The particles are impelled toward
the work surface by compressed air or by means of a high-speed bladed wheel. Both
wet and dry processes are available. These are compared in Table 3-9.

Abrasive blast methods are commonly known by the type of abrasive they use,
i.e., sand blasting, grit blasting, and glass-bead blasting., Blast methods also employ
the use of organic abrasives such as crushed corncobs, rice hulls, and walnut shells
for milder abrasive action,

Protective apparel and apparatus for personnel operating abrasive blasting equip-

ment are essential. These should include a suitable combination of safety glasses, anin-
dependent air supply, protective helmet with air supply, abrasive-resistant aprons, and
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TABLE 3-8

(continued)
Brass Stainless Stainless
and Types Types 302, Stainless
Naval Silicon Monel 410, 416, 303, 304, Type
Environments Hronze RBronze Metal and 430 and 305 316 Copper Aluminum

Rosin (dark) G G E E E I-' G E
Rosin (light) NG NG E F F NG G
Shellac G E k E E F ) o
Soda ash {sodium carbonate) G G F E ) F ¥ NG
Sodium bicarbonate ¥ F E I3 b3 F G
Sodium bisulfate Fl G E NG NG I3 G F
Sodium chloride ¥ G E F . FE G G
Sodium cyanide NG NG G I3 NG NG
Sodium hydroxide NG F E ¥ ¥ 3 NG
Sodium hypochlorite NG ¥ ¥ NG F G F NG
Sodium metaphosphate F G E G E F G k
Sodium nitrate F G E E ¥ E G E
Sodium perborate ¥ G ¥ E B E G F
Sodium peroxide F G E E E E G F
Sodium phosphate (alkaline} ¥ G E E E E G NG
Sodium phosphate (neutral) G E E E E ¥ E NG
Sodium phosphate (acid) ¥ ! G E NG G F G NG
Sodium silicate ¥ G F E E F G G
Sodium sulfate G E E E E F F F
Sodium sulfide NG NG G E E E NG NG
Sodium thiosulfate (hypo) NG NG G E E E NG E
Sludge acid NG G G NG NG F G NG
Stearic acid Fi? ¢ E G0 c*° I c** E
Sulfate liquors NG NG G E E E NG NG
Sulfur F F F E E E F E
Sulfur chloride NG NG G NG F G NG NG
Sulfur dioxide (dry)9 F E E E E F E G
Sulfur dioxide (wet) NG G NG NG G F F
Sulfuric acid 10% NG G o?® NG NG I ; NG
Sulfuric acid 10%, 75% NG F G NG NG NG F NG
Sulfuric acid 75%, 5% NG 28 F8 b p27 G 26 NG
Sulfuric acid 95% NG G NG G G G NG F
Sulfurous acid NG G NG NG F G G NG
Tar G F E G E E F
Tartaric acid F1 G G F G E G G
Toluene or tnlu()ls E E E F E E E
Trichlr)roetl'\_vlene12 E E E E E E E
Turpentine F28 E E Gz8 E E E E
Varnish2 G G E E E E G E
Vegetable nils28 G G E E E E G FE
Vmegarz5 NG G G ¥ G E G E
Water (acid minc water) NG 30 30 31 31 31 30 F
water {fresh} F32 G E E E o) G E
Water (salt) F32 G E F33 033 033 G G
Whiskey G G G F E E G F
Wines G G G F E E G ¥
Xylene or xylo18 E E ¥ E E bl E E
Zinc chloride NG G E NG NG G G NG
Zinc sulfate F G E F G E G G
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TABLE 3-8

(continued)
Brass Stainless Stainless
and Types Types 302, Stainless
Naval Silicon Monel 410, 416, 303, 304, Type
Environments Bronze Bronze Metal and 430 and 305 316 Copper Aluminum
Ferric sulfate NG F F E E E F G
Formaidehyde G G E E E E G G
Formic acid Fl G G N02 G E G NG
Freon E E E E E E E G
Furfural G G E E E E G E
Gasoline (sour) F NG NG F E E NG NG
Gasoline {refined) E E E E E E E E
Gelatin F13 El3 E F13 E E E13 E
Glucose E E E E E E E E
Glue F E E E E E E F
Glycerine or glycerol G E E E E E E E
Hydrochloric acid NG Fi F NG NG NG Flt NG
Hydrocyanic acid (hydrogen NG NG G F E E NG E
cyanide)
Hydrofluoric acid NG F E NG NG NG F NG
Hydrogen fluoride F G E F G G G NG
Hyclrogen9 E E E E E E E E
Hydrogen peroxide NG F G E E E F G
Hydrogen sulfide (dry} F‘6 NG:6 Fs G E E NG6 E
Hydrogen sulfide (wet and F NG F Fls G E NG E
aqueous solution)
Lacquers and lacquer solvents F E E E E E E E
Lime-sulfur NG F G G E E F NG
Magnesium chloride F G E F G E G NG
Magnesium hydroxide G E E E E E E F
Magnesium sulfate G E E E E E E G
Mercuric chloride NG NG NG NG NG FIG NG NG
Mercury NG NG G E E E NG NG
Milk F F F G E E F
Molasses G E F G E E E E
Natural gas G E E E E E E
Nickel chloride !’ NG F G NG F G F NG
Nickel sulfate17 F G E ¥ G E G NG
Nitric acid NG NG NG G18 G G NG F
Oleic acid Fl? G E c%0 G0 E G2 E
Oxalic acid Fl G e F G E G NG
Oxygen9 E F E E E E F
Palmitic acid Fl® G G20 20 E G F
Petroleum oils {sour) F NG NG F E E NG NG
Petroleum oils (refined) E E E E E E E E
Phosphoric acid 25% NG 21 22 NG p23 E G2l NG
Phosphoric acid 25%, 50% NG c?! c%? NG NG G G2l NG
Phosphoric acid 50%, 85% NG ¢! 22 NG NG G 62! E
Picric acid NG NG NG G E E NG F
Potassium chloride F G E F G E G NG
Potassium hydroxide NG F E E E E F NG
Potassiu;n sulfate G E E Em Elo E E E
Propane E E E E E el® E E
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TABLE 3-8
Corrosion Guide

Brass Stainless Stainless

and Types Types 302, Stainless

Naval Silicon Monel 410, 416, 303, 304, Type

Environments Bronze Bronze Metal and 430 and 305 316 Copper Aluminum

Acetate solvents, crude F G G G E F G E
Acetate solvents, pure E E E E E E E E
Acetic acid, crude F1 G G NG G E G G
Acetic acid {pure) F‘1 G G NG G E G E
Acetic acid vapors NG G F NG G E G G
Acetic anhydride NG G G NG G E G E
Acetone E E E E E E E
Acetylene 3 NG G E E E NG E
Alcohols G E E E E E E G
Aluminum sulfate Fl G G NG F G G F
Alums F! G G NG F G G E
Ammonia gas4 NGS' 6 6 6 E F E 6 E
Ammonium chloride Fl G F F F E G NG
Ammonium hydroxide NG NG F E E E NG G
Ammonium nitrate NG F F E E E F E
Ammonium phosphate NG NG G E E E NG NG
{ammoniacal)
Ammonium phosphate {neutral) F F G G E E F F
Ammonium phosphate {acid) F‘1 F G F G E F F
Ammonium sulfate FI F G G E E F G35
Asphalt G E E G E F F FE
Beer G G E 7 E F G F
Beet sugar liquors G E E G E E F E
Benzene or benzol8 E E E E E E E E
Bf:-nzine8 E E E E E E E E
Borax G G F E E E G G
Boric acid Fl G E F G E G E
Butane, butylene, butadiene9 E34 E34 E Elo Ew EIO E34 E
Calcium bisulfite NG G NG NG G E G NG
Calcium hypochlorite F F F NG F G F NG
Cane sugar liquors G E E E E E E
Carbon dioxide (dry) E E E E E E E E
Carbon dioxide (wet) and F11 G11 G11 E11 E E G11 E
(aqueous solution)
Carbon disulfide F NG F G E E NG E
Carbon tetrachlor‘icle-l2 E E E E E E E G
Chlorine {(dry) G G E G G G G NG
Chlorine (wet) NG F F NG NG F F NG
Chromic acid NG NG F F G E NG NG
Citric acid F‘l G G F G E G G
Coke oven gas F F G E E E F G
Copper sulfate NG F F E E E F NG
Core oils E E E F E E E E
Cottonseed oil E E E E E E E E
Creosote F G E E E E G G
Ethers E E E E E E E E
Ethylene glycol G E E E E B E G
Ferric chloride NG NG NG NG NG NG NG NG
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Corrosion Guide Notes for Table 3-8

Corrosion resistance of metals designated by: E - Excellent, G - Good, F - Fair, NG - No Good

1. Subject to dezincification and/or stress corrosion, especially at elevated temperatures and with concentrated solutions.
2. May be useful with cold dilute acid.
3. Alloys containing up to 60-percent copper acceptable; high copper alloys not acceptable.
4. Temperature assumed to be below that at which gas cracks and liberates nascent nitrogen.
5. Subject to stress corrosion with low concentrations.
6. Apparently resistant to dry gas at ordinary temperatures; attacked rapidly by moist gas and by hot gas.
7. Not recommended for use with beverage grade.
8. Chemicals used for treating in manufacture assumed to be absent,
9. Temperature assumed to be no higher than that normally encountered in compression, storage, and distribution.
10, Useful at elevated temperatures,
11. Not recommended for use with carbonated beverages.
12, Water assumed to be absent,
13. Not recommended for use with edible grades.
14, Only with dilute or unaerated solutions.
15, Subject to stress corrosion by moist gas, and to severe general corrosion by saturated aqueous solution.
16. Subject to stress corrosion,
117, None of these materials recommended for use with nickel-plating solutions.
18, Higher chromium alloys (over 18 percent) preferred.
19. Not recommended for temperature over 100°C (212°F),
20, Alloys with less than 18% Cr not recommended for temperatures over 100°C (212°F). Others not recommended for temperatures

over 200°C (390°F).
21, Up to 60°C (140°F).

22, Up to 90°C (200°F).

23. At room temperature.
24. Not recommended for temperatures over 200°C (390°F).
25. Nonferrous alloys preferred when unaerated and at temperatures above normal, Stainless steel best when aerated and at normal

to moderate temperatures.

26, With cold acid only.

217. In the absence of exposure to moist air,

28. Crude produce may contain acids which corrode these materials,

29, Some of these ratings may not apply when handling light-colored products at elevated temperatures (200°C) (390°F).
30. Good with water containing no oxidizing salts; fair with water containing oxidizing salts.

31, Excellent with water containing oxidizing salts; not good with water containing no oxidizing salis.

32. Subject to dezincification with hot and/or aerated waters.

33. Subject to pitting attack

34, Copper may act as a catalyst for undesirable reactions.

35, Free sulphuric acid absent,

Source: Harper, H. M. Co., Corrosion Guide, Tech, Bul. No. 101
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Special cleaning methods for specific materials have been developed that are
quite effective; however, the metals so cleaned should be well rinsed in running water
to remove all traces of the solution and then dried. The solutions for cleaning specific
metals are shown in Table 3-7.

3.2.2 Corrosion Guide

The selection of materials suitable for a given environment should be one of the
first considerations in product design. Certain metals and metal alloys are more re-
sistant to some corrosive environments than others. A group of these metals together
with a listing of corrosive environments that may be encountered are shown in Table 3-8,
with relative resistance to the corrosive environments for cach metal. This is a general
guide only and specific conditions may require further investigation and analysis for
selection of the best material,

The following references are considered a basis for further study and detailed
analysis of specific problems in corrosion and corrosion control,

References:

Uhlig, The Corrosion Handbook, Wiley & Sons (1948).

Shreir, Corrosion Vol, 1 and 2, Wiley & Sons.

Baumeister, Mechanical Engineers Handbook, 6-121,
McGraw-Hill (1958),

Perry, Chemical Engineers Handbook, 23, McGraw-Hill (1963).

3.3 Gross Cleaning

Gross or rough cleaning may not be normally associated with contamination con-
trol as it applies to space hardware. It is, however, often the first cleaning step in a
comprehensive contamination control program, Inadequate removal of gross soils can
lead to subsequent degradation of precision cleaning solutions or the failure to com-
pletely remove certain soils, .

It is recognized that some of the gross cleaning methods discussed in this sec-

tion are also considered surface preparation treatments. While this duality of function
exists, this document is concerned primarily with the contamination control aspcects,

3.3.1 Barrel Cleaning

Barrel cleaning is accomplished by the tumbling action of parts and a medium
within a rotating enclosure. The process may be used either wet or dry and with a
variety of media for the removal of different soils. The amount of tumbling action
varies inversely with the total mass of parts and media in the barrel. The total mass
is usually set at 50 to 90 percent of the barrel volume.
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TABLE 3-5

Corrosion Control Considerations During Product Design

Factors Means
Materials Select materials suitable for given environ-
mental conditions.
Dissimilar metals in contact Avoid designs in which the kinetics of attack

on one metal are stimulated by another.

Configuration (geometry)

Avoid designs which lead to localized attack,
impingement, cavitation, etc.

Mechanical

Avoid excessive stress (internal or applied)
when using jnetals susceptible to stress-
corrosion cracking., Avoid conditions lead-
ing to corrosion fatigue and fretting
corrosion.

Surface

Avoid conditions on surfaces which lead to
localized attack such as discontinuous films
of oxides or metals.

Protection

Provide for cathodic or anodic protection.
Provide for applying protective coatings.

TABLE 3-6
Corrosion Control Methods

Areas

Methods

Design and procedure

Materials, configuration, surfaces, etc. (see
Table 3-5). Application of cathodic protection.
Application of cleaning procedure.

Environments Deaeration of water or neutral solution. Purifica-
tion or dehumidification of air. Addition of corrosion
inhibitors. Reduction in temperature.

Metals Increased purity. Addition of alloying elements.

Heat treatment.

Protective coatings

Chemical or electrochemical treatment of metal
surfaces. Organic coatings: paints, resins, etc.
Inorganic coatings: enamels, cements. Metal coat-
ings. Temporary protectives.
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(4) sand blasting

(5) ultrasonic (sonic).
b, Chemical

(1) organic solvents

(2) chemical reagents.
c. Electrolytic

(1) sulphuric acid

(2) citric acid

(3) potassium cyanide

(4) caustic soda.

TABLE 3-4

Galvanic Series Chart

Anode - Least Noble (corroded end)

Magnesium

Magnesium alloys

Zinc

Aluminum 1100

Cadmium

Aluminum 2024-T4

Steel or iron

Cast iron

Chromium-iron (active)
Ni-resist

Stainless Type 304 (active)
Stainless Type 316 (active)
Lead-tin solders

Lead

Tin

Nickel (active)

Inconel (active)

Hastelloy alloy C (active)

Brass

Copper

Bronze

Copper-nickel alloys

Monel

Silver solder

Nickel {passive)

Inconel (passive)
Chromium-iron (passive)
Titanium

Stainless Type 304 (passive)
Stainless Type 316 (passive)
Hastelloy alloy C (passive)
Silver

Graphite

Gold

Platinum

Cathode - Most Noble (protected end)
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(3) liquids
(4) soils
(5) contact with dissimilar metals (galvanic)
(6) stray electrical current.
Corrosion occurs in various forms as affected by the many variations in metals
and environments plus the mechanics involved, In order to recognize the significant
forms normally encountered, corrosion is classified into basic types with respect to

outward appearance, altered physical properties, or reactions produced.

Table 3-3 lists these basic types with a description of the mechanisms and
reactions involved,

Galvanic coupling of two dissimilar metals in an electrolyte produces a current
flow called galvanic current. The source of energy manifested as galvanic current is

chart, Table 3-4,

Galvanic corrosion can be used to minimize corrosion in selected metals by
making the metal to be protected the cathode in the electrolyte involved.

3.2.1 Corrosion Control

Methods for the control of corrosion and corrosion products must be considered
in product design, with relation to the effects on material and contamination of product,
Factors to be considered and means of control are shown in Table 3-5.

Selection of control methods, that are consistent with the economic and tech-
nological factors involved, requires consideration of the areas in which the various
methods are most effective, Table 3-6 lists the areas for consideration and typical
methods for control in each area,

The removal of corrosion products from the metal surface may be required in
preparation for protective coatings or in the elimination of potential contaminants, A
variety of cleaning methods may be used; however, whatever method is employed, its
effect in removing the base metal should be determined for each material., Each method
possesses certain advantages and disadvantages; therefore, a combination of methods
may provide the best results commensurate with the performance requirements, Meth-
ods for removing corrosion products are classified as follows:

a. Mechanical

(1) scrubbing with bristle brush
(2) scraping

(3) wire brushing
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Table 3-2 presents a general comparison between some of the
common surface soils and the effectiveness of cleaning agents
and methods in removing them. More detailed information on
specific soils and their removal is found in the following sec-
tions of this handbook.

3.2 Corrosion

Corrosion is the destructive attack of a metal by chemical or electrochemical
reaction with its environment. Deterioration of a metal by physical causes such as
galling or wear is called erosion. Chemical attack when accompanied with physical
deterioration is defined as corrosion-erosion, or fretting corrosion.

Direct chemical corrosion is limited to unusual conditions involving highly cor-
rosive environments or high temperature or both. However, most of the phenomena
involving corrosion of metals is electrochemical in nature.

FElectrochemical corrosion is the anodic and cathodic reaction with an electro-
lyte normally provided in the environment to which the metal is exposed. Anodic re-
action takes place when the metal dissolves in the electrolyte in the form of positively
charged ions. Cathodic reaction occurs when positively charged hydrogen ions plate
out as atomic hydrogen on the cathodic surface. The electrons released by the anodic
reaction flow through the metallic circuit to the cathode to neutralize an exactly equiva-
lent number of hydrogen ions. The hydrogen film will eventually cover and polarize the
cathodic surface, stopping the flow of electrons. The positive metal ions released near
the surface of the anode combine with negative hydroxide ions from the electrolyte
(water) to form a neutral metal hydroxide which may coat the anodic surface stopping
the ion release, Thus, under favorable conditions, the electrochemical reaction will
stifle itself at the cathode or anode or both.

Metal corrosion being the reaction of metal with the environment, the rate and
type of corrosion that occurs are affected by the many variations of these two factors
which include:

a. Metal Properties

(1) structure and orientation

) composition including alloy components and
impurities

(3) surface condition and finish
(4) metal stresses, applied and internal.
b. Environment
(1) temperature
(2) atmospheric: humidity, dust, and gases
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amount may actually be effective in removing soil. In the formula
of a scientifically balanced detergent, the choige of each compo-
nent can be justified in terms of the definite function assigned to it
in the cleaning operations. Moreover, the components should not
merely fulfill their individual functions, but should support and rein-
force each other, so that the whole compound will be more active
and more stable than any of its parts.

Hard Versus Soft Water -- If distilled water could be used in the
makeup of aqueous cleaning solutions, many problems could be
avoided, It is, unfortunately, impractical to use distilled water

in the tremendous gallonage required for industrial cleaning opera-
tions. Local natural water sources are employed, and these almost
invariably contain dissolved bicarbonates and sulphates of calcium
and magnesium, The presence of these minerals is responsible for
water hardness, and the fact that soaps lose much of their efficiency
in the presence of hard water has long been recognized. Soap reacts
with the dissolved magnesium salts to form insoluble, adhesive
precipitates. The soap which takes part in this reaction is thus un-
available for cleaning, and the gummy deposits resist rinsing and
may form a more stubborn and objectionable soil than the original
dirt.

Object of Surface Cleaning -- The object of surface cleaning is to
remove and carry away contamination without adversely affecting

the part being cleaned and in the most economical manner. The appar-
ent simplicity of this statement, however, belies the many factors
which must be considered in developing an effective, engineered
cleaning system. (See Table 3-1.)

1

Removal can be effective only if the cleaning equipment, materials,
and methods are compatible with the soils to be removed, the de-
gree of cleanliness required, the materials of construction and con-
figuration of the part, and the mechanism by which the soils adhere
to the part surface.

It should be emphasized that the removed soils must be separated
and discharged in such a manner that they are not redeposited on
the work surface,

Soils and Cleaning Methods -- The general categories of soils re-
lated to surface contamination are:

(1) oils and greases

(2) drawing and buffing compounds

(3) particulate matter of all types

(4) metal corrosion and heat-treat products

(5) human products (hair, skin, salts, etc, ).
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as a whole number since it is based on a logarithmic scale,
represents a tenfold increase or decrease in acidity or alka-
linity: pH 5 is then 10 times stronger in acid than pH 6; pH 4
is 10 times more strongly acid than pH 5 and 100 times more
strongly acid than pH 6; and so forth.

Since pH is a method of stating the concentration of electrically
charged groups of molecules, the most accurate method of meas-
uring pH involves the use of a sensitive voltmeter {(a pH meter)
which measures the electrical potential across the charged ions
and registers this in terms of pH values.

i. Buffer Activity -- The degree of acidity and alkalinity of a clean-
ing compound plays a part in rust and scale removal, in etching
and pickling metal, in saponification, and emulsification. Buffer-
ing, the means by which a solution resists a change in the degree
of acidity or alkalinity, requires very accurate pH determination.
pH readings are helpful in proving comparative data on the action
of a given detergent, if all other conditions have been carefully
controlled,

Some of the most difficult tasks in the field of detergency, the
stripping of paint from reactive metals and the removal of carbon
deposits, are assigned to solvents in which ionization does not
take place.

The detergent effect of a compound is not determined merely by
the acid or alkaline strength of the solution, If this were the case,
then raw caustics such as sodium hydroxide should be among the
most efficient detergents known, Yet research and experience
prove that such materials are relatively ineffective as detergents.
Their potency is rapidly exhausted and, being deficient in wetting
properties, they are slow to initiate cleaning action. They have
no effect in conditioning hard water and are difficult to rinse.

jo Alkalinity and Acidity ~- In the discussion of pH, reference
was made to the distinction between the degree and the amount of
alkalinity or acidity. The active alkalinity or acidity is a factor
of the extent to which the detergent ionizes to yield hydrogen or
hydroxyl ions. If the detergent disassociates completely during
the course of the cleaning, the total amount of acid or alkali in
the detergent is gradually made available for useful cleaning.
Conversely, if a considerable amount of acid or alkali fails to
disassociate or become active, it merely represents so much
inert material or filler which plays no part in the cleaning and
which is a source of rinsing difficulties.

In the selection of a detergent, the criterion of value is not the
amount of acid or alkali by weight or volume which is offered,

but the extent to which the acid or alkali can be made available
for the removal of dirt or soil., A cleaning compound may con-
sist entirely of alkaline substances, yet only 10 percent of this

III-6



of reactive metals, such as aluminum, magnesium, copper, and
zinc., Some of the most difficult problems in detergency, such
as the removal of carbon from engines and stripping of paints
and organic enamels, are assigned to organic solvents. The
tenacious, intensely hard carbon deposits which form on engine
surfaces are held together by resins formed during combustion
of petroleum fuels, No available detergent has been found to
exert a direct solvent action on carbon, but certain organic
solvents are capable of softening and dissolving the resins which
bind the carbon particles together into masses and hold them to
the surface. A similar situation exists in the removal of paint
where the pigment is insoluble, but where the resinous bonding
agent may be softened, swelled, or dissolved by the use of
suitable solvents.

pH and its Control -- pH is a yardstick for measuring the degree
of alkalinity or acidity of water solutions. It is the measure of
the energy but not of the amount of alkali or acid in solution.

When table salt dissolves in water, a certain portion of it splits
up into groups of electrically charged particles called ions, which
are molecules of the component sodium and chlorine. Similarly,
when hydrochloric acid dissolves in water it splits up, or dissoci-
ates, into groups of chlorine and hydrogen ions. When the familiar
alkali caustic soda, or sodium hydroxide, dissolves in water, it
yields sodium and hydroxyl ions. All acids share in common this
ability to yield hydrogen (H+) ions in water solution. All alkalis
vield hydroxyl (OH-) ions in water solution. Alkalis and acids
differ greatly, however, in the number of hydroxyl or hydrogen
ions they release per given weight in a given volume of water., A
fluid ounce of 50-percent hydrochloric acid solution would yield a
far greater number of hydrogen ions than a fluid ounce of a 50-
percent solution of acetic acid, An acid which yields a great num-
ber of hydrogen ions is energetic in entering chemical unions with
other substances, and is therefore described as a strong acid.

The same distinction holds between strong and weak alkalis, except
that the release of hydroxyl ions rather than hydrogen ions is re-
sponsible for the difference in activity in alkalis. It may be con-
cluded, therefore, that the concentration of hydrogen and hydroxyl
ions determines the relative degree of acidity or alkalinity of a
water solution. To simplify expression of the values, a scale has
been devised that is based on the logarithm of the reciprocal of
hydrogen (or hydroxyl) ion concentration.

Values so arrived at are known as the pH values and may be
arranged on a scale from 0 to 14, with 7 as the neutral point.
Values above 7 indicate degrees of alkalinity; values below 7
indicate degrees of acidity. Both alkalinity and acidity become
more intense as values move away from the neutral point. Thus
pH 8 represents a weak alkaline solution, and a pH of 6 is a weak
acidic reaction., At the other extreme, a pH of 1,5 would indi-
cate a strongly acid solution while a pH of 13.5 would represent
a strongly alkaline solution. FEach increment in pH, expressed
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the removal of solids composed of insoluble solid particles.
Carbon, clay, road film, food deposits, and paint films are
among the soils removed by colloidal forces.

The mechanism of deflocculation is believed to involve the
neutralization of those forces of surface tension responsible
for the attraction between solid particles. Experimental data
reveal that in every instance deflocculation is attendant upon
a reduction of the forces of surface and interfacial tensions
involved. Complete wetting of the solid is absolutely neces-
sary to initiate deflocculation.

Colloidal forces are important not only in the direct disper-
sion of solid particles but in softening and swelling resinous
binders, which are a factor in the adhesion of paints, enamels,
and similar coatings, and in removing impacted buffing com-
pounds.

Solvent Activity -- Solvents may be divided into two broad
classifications: aqueous, or water base; and nonaqueous, Or
organic base. The solvent properties of water are utilized in
cleaning to remove many salts, acids, sugar, and syrup de-
posits. In aqueous cleaning solutions, water also acts as the
solvent medium for the detergent compounds, thereby liberat-
ing the energies which result in wetting, emulsification, saponi-
fication, and deflocculation of soil. Besides its solvent activity,
water also acts as a dispersal medium for oils and particles
which it will not dissolve, but which it can be made to carry in
suspension, Further, it serves as a means for the application
of heat energy and for applying the mechanical energy of agita-
tion, all of which play a part in detergency.

The chief limitation of aqueous solvents as detergent agents is
that they have little or no solvent effect on oils or greases.
Such aqueous solvents are described as LIPOPHOBES (fat
haters). Their counterpart, the nonaqueous organic solvents,
are similarly described as LIPOPHILES (fat lovers).

Many solvents present hazards due to flammability and toxicity.
Adequate safety precautions must be observed in their use.

Organic Solvents -- Another approach to the application of sol-

vent activity in cleaning is the use of the second broad classifi-
cation of solvents, the nonaqueous solvents. Derived basically
from petroleum, coal, and wood, these solvents are unable to
dissolve many substances which are readily soluble in water,
but they do possess the ability to dissolve not only oils and
greases but many resins, rubber, bitumins, paraffin, waxes,
and plastics, One of the fundamental advantages of the organic
solvents is that they are capable of formulations that are chemi-
cally neutral, so that they offer a method for the safe cleaning



Emulsification -- The forces of cohesion which hold an oily

film to a surface are remarkably strong. It is almost impos-
sible to remove an oily film completely by the shearing action
of wiping or scrubbing alone. One can demonstrate this by
repeatedly wiping a lard-coated frying pan with a cloth until
no lard is visible, then applying the water-break test. Invari-
ably, water will resist wetting such a surface, provided that
an oil film, perhaps no more than one molecule in thickness,
still persists. The surface may be considered physically
clean, but it will not be chemically clean until water will not
break on the surface.

As previously stated, thorough wetting results in the forma-
tion of globules of oil on the surface of the detergent film.
Here the process of emulsification comes into play. If there
is an emulsifying agent in the detergent, the oily globules will
be detached from the surface and will be dispersed through
the cleaning solution. The adhesion of the oil to the surface
will be permanently disrupted. Once so scattered, the portion
of the oil removed cannot be redeposited as a film,

When part of an oily film has been removed in this manner,
another layer of the film is exposed to the wetting action of the
detergent. Emulsifying action then comes into play again and
disperses an additional portion of the oily mass. Thus, emulsi-
fication is contingent upon wetting, and further wetting is con-
tingent upon emulsification. The combined effect of the two ac-
tions is the loosening, breaking up, and dispersion of the oily
film,

Saponification -~ Saponification is the process whereby the fatty
acids in animal and vegetable oils unite chemically with certain
alkaline substances to form soap. The soap so formed is quite
similar to household soap in its chemical properties and behavior,
if not in external appearance. The removal of fatty acid soil is
one of the major problems of detergency. Many greases consist
of a mixture of animal fats (such as tallow) and petroleum oils,
Petroleum or mineral oils cannot be saponified and therefore
must be removed through the process of wetting and emulsifica-
tion. But the fatty acid components of lubricants do react with
certain alkaline detergents to form water-soluble soaps.

Deflocculation -- Many types of soils or contaminants encoun-

tered in metal cleaning are of a solid or semisolid nature.
Chemical materials which have the ability to break up a solid
mass into small particles and to disperse them through a liquid
medium are known as deflocculating agents. The earliest deter-
gent known, far predating soaps and chemical detergents, is
fuller's earth, a highly colloidal clay that possesses notable
deflocculating powers. Colloidal activity plays a vital part in
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3.1

tamination,

Cleaning of Surfaces

There are seven broad classifications of processes for removal of surface con-

.

any one of which may be employed as a single or multistage operation:
Acid cleaning

Alkali cleaning

Solvent cleaning

Emulsion cleaning

Electrolytic cleaning

Pickling and descaling

Mechanical cleaning (blast or grit, abrasive tumbling, wire
brushing, and flame cleaning).

All of these methods except mechanical cleaning require electricity and/or liquids.
Liquid cleaning media involve the complex phenomena of wetting activity, emulsifica-
tion, deflocculation, colloidal activity and suspension, solvent power, pH values,
buffer activity, alkalinity and acidity, water conditioning, sequestration and chelating,

and rinsing.

I11-2

a.

These factors are discussed in the following paragraphs:

Wetting -- For a surface to be cleaned, it must first be wetted
by a cleaning solution. Wetting action brings the detergent or
cleaner in closer contact with the goil and surface, ultimately
penetrating the soil and removing it from the surface. While
wetting activity is popularly believed to be a natural property
of all liquids, in reality, liquids vary greatly in their ability to
wet a surface. Water, reputedly one of the wettest of all sub-
stances, actually has less wetting power than ammonia, ace-
tone, benzene, and most oils. But water's wetting power can
be greatly increased by chemical treatments.

Surface Tension -- The wetting ability of any fluid can be
increased by reducing its surface tension. Pure water has a
much higher surface tension than most oils. When pure water
is carefully poured on an oil surface, the surface tensions of
the oil and water will resist one another with the result that

the water is unable to spread over or wet the oil film. Instead,
the water forms individual round droplets or pools with convex
domes, a precise reflection of the forces of surface tensions
involved in the situation. But if the surface tension of the water
is reduced so that it is actually less than that of the oil film, the
water will penetrate and displace the oil. The oil then forms
droplets on the surface of the water film. These droplets may
not be completely detached from the soiled surface, but the

oily mass has been penetrated and its adhesion weakened by
wetting.




SECTION 3

CONTROL OF SURFACE CONTAMINATION

Contamination of functional surfaces is a major source of the malfunction of
electrical contacts and close-fitting mechanical parts. Contamination on surfaces ad-
jacent to these areas also can contribute to product failure through sloughing or scaling
of particulate matter that was not removed by the cleaning process.

There are numerous accepted techniques for detecting surface contamination,
but none is applicable to all materials or to all contaminants. The few methods suitable
for production use have limited application. Before methods and processes are chosen,
the principles of surface cleaning should be explored in depth, because the method re-
quired to clean a surface may be a clue to the appropriate method of detecting contami-
nants or verifying cleanliness.

Many variables are involved in surface cleaning, such as the type of material to
be cleaned, the type of contaminant, the types of cleaning methods and processes with
varying equipment, as well as the consideration of further treatment to the material.
There are many forms of contaminants to be removed and broad groupings of materials.

One of the potential problems is that the first or second cleaning process or sol-
vent may cause some adverse reaction to subsequent cleaning processes or solutions.
Thus the entire manufacturing process must be surveyed and each intermediate cleaning
operation analyzed for its impact on the whole process.

There is no general answer to the question '"'when may a part be considered
clean?'' For example, a metal part may be wiped free of oil with a rag. It then may
be visually clean, provided it is not subject to further finishing. But, if it is to be
chrome-plated, any residual organic soil must be removed by electrolytic cleaning in
an alkaline solution before it may be considered chemically clean. Even then it may
not respond satisfactorily to electroplating due to a passive oxide film on the metal that
renders the surface inert, In this instance, the part must be acid-dipped, with or with-
out current, and with the possible use of activators calculated to remove that film. The
part then may be considered metallurgically clean,

Thus, when speaking of metal cleaning, it is necessary to distinguish between
visually clean, chemically clean, and metallurgically clean. All these terms suggest
that ''cleaning of metals'' or the ''cleanliness of metals'' are relative terms; the inter-
pretation depends on the many factors involved in a specific cleaning situation.

II1-1



2.2 Perfermance Levels

An absolute measurement or definition of the degree of cleanliness required for a
specific case is frequently impracticable or impossible. The alternative is to establish
minimum product performance levels, Performance levels can be developed for:

a.

b.

Production processes

Appropriate levels of assembly of product
Controlled areas and facilities

Cleaning methods

Finished product

Other activities where indication of a cleanliness level is required.

When performance levels are established in lieu of cleanliness levels, they must
be commensurate with the performance requirements of the product. Control methods
and monitoring techniques must be employed to maintain uniform and consistent opera-
tions and to assure consistent levels of performance at all times.

2.3 Bibliography

Contamination Control Considerations for Designers and Manufacturing Engineers:

Manufacturing Research Division, Sandia Corporation; SC-R-65-888; April 1965,

Contamination Control Principles: NASA SP-5045; 1967.
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TABLE 2-2
(continued)

General

Areas of Consideration

Characteristics
for Design Considerations

Tools, jigs, fixtures

Flaking

Shedding

Oils

Abrasive products

Personnel environ-
ment

Personnel contaminants
Airborne contaminants

Test and inspection

Equipment gages,
and fixtures

Flaking

Shedding

Oil

Dirt

Abrasion products

Chemical tests Dyes
Residues

Operations Burrs
Chips

Plating scale

Released fluids and gases
Wear products

Personnel contaminants

Storage

Packaging

Proper selection of:
Containers
Wrapping materials
Cushioning materials
Desiccants
Barriers

Environments

Temperature
Humidity
Pressure
Shock
Vibiration

Use

Operation-
Continuous
Intermittent
Self-destruct

Wear products
Lubrication
Contaminant generatjon
Radiation

Servicing

Introduction of, or exposure to
contaminants
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TABLE 2-2
{(continued)

General
Areas of Consideration

Characteristics
for Design Considerations

Assembly processes

Product flow and
assembly sequence

Migration and transfer of con-
taminants from:
Mating assemblies
Tools, jigs, fixtures
Work surfaces
Personnel
Environment

Rivets

Galvanic action
Swaging fragments

Nuts, bolts, screws

Shedding
Burrs
Chips
Abrasives

Welding, brazing,
and soldering

Metal fragments
Solder fragments
Flux residue
Fumes

Oxides

Gaskets

Flaking
Shedding
Lubricants

Encapsulation,
sealing

Outgassing
Shedding

Flaking

Thermic reaction

Cleaning

Compatibility with all materials
Entrapment

Gas generation

Residue

Lubricants

Excess
Migration
Reaction to materials

Marking

Etch residue
Flaking
Shedding




TABLE 2-2
(continued)

General
Areas of Consideration

Characteristics

for Design Considerations

Molding

Flash
Mold release residue
Mold wear products

Forming, drawing, Burrs

extrusion Lubricants
Release compounds
Particles
Scales

Forging Scale

Machining Blind holes

Burrs and chips
Sharp edges
Capillary traps
Coolants
Cutting oils

Chemical milling

Etch residue

Plating

Scale
Flaking
Residue

Heat treat

Scale
Silica
Liquids

Cleaning

Effect on material
Drying

Residue
Temperature effect

Polishing

Oils
Polishing compounds
Chemical residue

Dusts

Oxides
Tools, equipment, Dirt
and personnel Oils

Wear products
Personnel contaminants
Airborne contaminants
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(3)
)

(5)

(1)
)
(3)
4)
(5)

(1)
)

(3)
(4)
(5)

minimal cleaning time and action

removes surface sealing compound from castings
without penetrating pores

degreased parts require minimum cooling time for
handling,

Methyl Chloroform (1, 1, l-trichloroethane)

requires specially designed distillation equipment
low vapor density necessitates higher freeboard
greater solvent loss through diffusion

not recommended for aluminum

tendency to hydrolyze in the presence of excess water.

Trichlorotrifluorocethane

low boiling point

specially designed equipment needed to reduce solvent
loss

chemically stable under degreasing conditions
generally a mild solvent action

can be used discreetly with some varnishes, plastics,
and rubber,

Table 3-17 lists some of the commonly encountered soils and
the applicability of vapor degreasing as a means of their removal,

Vapor degreasing is a highly effective means of removing soils,
particularly those in the oil and grease family. It does, how-~
ever, create conditions and limitations of which the user should
be aware (see Table 3-18).

Personnel Hazards:

(1) Toxicity -- Toxic vapors are present with degreaser

solvents and adequate precautions must be taken, Ex-
cessive inhalation or absorption may cause nausea,
headaches, fatigue, and loss of sense of balance, Toxic
fumes may be produced if the solvent is exposed to in-
tense light or adjacent high-temperature operations.
Adequate ventilation must be used when degreaser tanks
are being cleaned. A second person should always be

present during the cleaning operation.
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(2) Dermatitis -- Dermatitis may result from repeated or
prolonged solvent contact with the skin. The skin be-
comes rough, red, and dry due to removal of natural

skin oils.

ble to infection,

It then cracks easily and becomes suscepti-

(3) Narcotic Effect -- Degreaser operators may form the

habit of intermittently inhaling small amounts of solvent
Proper supervision must be exercised to detect

vapor.
and prevent such practices.

Death has been attributed

to the strong narcotic power of trichloroethylene vapors
in high concentrations,

TABLE 3-17

Contaminant Removal Potential of Degreasing Solvents

Easily Removed

Marginal

Not Recommended

Machining oil
Stamping oil
Cutting oil
Grease

Wax lubricants

Sealing wax

Drawing lubricants

Cutting compounds (2)

Small chips ()
Polishing compounds (@)
Buffing compounds (a)
Organic soldering fluxes

Pigmented drawing
components '@

Shop dirt®)

Inorganic fluxes

Weld scale

Metallic oxides and salts
Heat-treat scale

Some carbonaceous deposits

Water soluble soils

Soap-base pigmented compounds

(2)

(b)

contamination to the part.

Compounds usually require agitation, spraying, or other mechanical action.
compounds may ''bake on'' if the part is first subjected to a vapor phase.

The

Chips, dirt, and other insolubles can be removed if 0il or grease is binding the
Agitation or spray enhances their removal.

III-40




TABLE 3-18

Vapor Degreaser Limitations and Cautions

Subject Limitation or Caution Recommendations

Acidity Solvent may decompose, become Periodically check solvent acidity;
acidic, and attack copper, tita- follow prescribed degreaser cleaning
nium, aluminum, and magnesium; schedules; use different degreasers for
chlorides formed by decomposed aluminum or magnesium and electronic
solvents and aluminum or magne- components.,
sium will further contaminate
electronic components.,

Rust Degreased ferrous parts are Provide clean, dry atmospheres; apply
highly susceptible to oxidation. rust-proofing solutions.

Heat High solvent temperatures are Check maximum safe temperatures be-
deleterious to some materials fore exposing to solvents.
such as rubber and plastic,
Certain polishing and buffing com- | Use spray-vapor cycle, or soak or flush
pounds may bake on parts at high with other solvents and hand brush prior
solvent temperature. to degreasing.

Chlorides Chlorides formed by decomposed Check chloride effects on nonmetals;

solvents and certain metals (alu-
minum, magnesium, beryllium)
will attack some electronic com-
ponents, rubbers, and plastics,
as well as the metals themselves;
do not use chlorinated solvents
with titanjum.,

provide proper degreaser maintenance;
consider separate degreasers for elec-
tronic components.

Thin-walled parts

Part temperature may increase
to vapor temperature quickly so
that desired cleanliness is not
achieved.

Use vapor/spray/vapor cycle or cool
and repeat vapor cycle.

Large parts

Part may be too large for availa-
ble degreaser,

Degrease a portion of the part at a
time; hand clean with solvents,

Blind holes

Depth, location or orientation
may present cleaning or draining
problems.

Use vapor/spray/vapor cycle; ultra-
sonic plus vapor; rotate part to permit
drainage.

Convoluted parts
and tubing

Solvents and dissolved contami-
nation may become trapped in
convolution or torturous passages.

Parts should be fixtured to rotate during
degreasing and drying; a solvent pres-
sure flush may be required.

Metal castings

Due to micro- and macro-
porosity, all contaminants may
not be removed from the pores;
prevents proper impregnation;
may subsequently weep oil.

If no insoluble contaminants present,
recommend oven bake and combination
of ultrasonic-vapor degreasing cleaning,

Oil-impregnated
powder metal
parts

Bearings and bushings may be
oil-impregnated for the life of
the part; degreasing will remove
portions of this lubricant.

If cleaning is required, mild solvent
surface wipe or brush; or completely
degrease and reimpregnate.
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3.4.3
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Ultrasonic Cleaning

a.

General -- The removal of surface soils by forces created
through the implosion of vaporous bubbles (cavitation) is known
as ultrasonic cleaning., This technique has been developed to
the degree that it is recognized as a very effective way of re-
moving most soils and has definite advantages over other
methods.

Cleaning by ultrasonics is fast and thorough. It is, however,
more complex than ordinary cleaning methods. Its cost must
be expressed in relative terms for the application. For the
job on which it is practical and needed, it may be the most
economical means available in terms of total cost; for a mis-
application, it can be an expensive luxury and less effective
than other methods.

In addition to the characteristics mentioned above, a properly
applied ultrasonic cleaning process offers the following advan-
tages over other methods:

(1) less heat required

(2) parts can be cleaned without harming surface finishes

(3) assemblies can be cleaned without dismantling

(4) soils can be removed from minute cracks, pores, and
indentations

(5) delicate parts and assemblies can be cleaned with a
vigorous yet gentle action.

Basic Equipment -- An ultrasonic cleaning unit is comprised of

three principal parts:

(1) a generator, whichproduces high-frequency electrical
energy

(2) a transducer, which changes the electrical impulses into
high-frequency sound waves that vibrate at a frequency
in the ultrasonic range

(3) a cleaning tank, to which the transducer is attached,
containing the appropriate cleaning agent.

Accessories may include work-handling devices such as baskets
and hooks, frequency monitoring instrumentation, heaters, dry-
ers, and fluid filtering and recirculating equipment. Depending
on the specific application, each of these accessories may in-
crease the overall effectiveness of an ultrasonic cleaning
process.



The component parts of an ultrasonic cleaning unit are described
in more detail later in this section. The relation of these compo-
nents to each other and to the inducement of cavitation is shown in

Figure 3-8.
GENERATOR TRANSDUCER i
CLEANING TANK
LLINE ENERGY 2.H.F. ELECTRICAL N
CONVERTED TO ENERGY CONVERTED 3. VIBRATIONS
HIGH- FREQUENCY TO MECHANICAL CONDUCTED
ELECTRICAL ENERGY VIBRATIONS TO CLEANING
SOLUTION PRODUCING
CAVITATION
CAVITATION CAVITATION
FORMING COLLAPSING

Courtesy of Turco Inc.

Figure 3-8, How ultrasonic cleaning works

c. The Nature of Sound -- Sound moves outward from its source in
waves of air molecules which it alternately compresses and ex-
pands. When this vibrating air strikes an eardrum, a sound is
heard.

Sound cannot travel in a vacuum. It must have a medium to
carry it--a medium to vibrate in successive waves. Air is such
a medium, yet there are others far better. Sound travels four
times faster through water, for instance, and 15 times faster
through iron,

For sound to be heard it must be of sufficient intensity, and it
must be within the audible frequency range. A sound of great
intensity has a wave pattern with higher crests and deeper hol-
lows than does a weaker sound, Frequency refers to the num-
ber of sound-wave oscillations per second. The sonic frequency
range is the range in which sounds are discernible. A normal
human ear can respond to frequencies ranging from about 20 to
16,000 to 18,000 vibrations per second (18,000 cycles). Any-
thing above 20,000 cycles--or 20 kilocycles--is considered to be
ultrasonic. Intensity and frequency wave curves are shown in
Figure 3-9. When sound passes through an elastic medium like
metal, both the sound energy and the medium vibrate at the
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same rate. When sound passes through a liquid, the liquid
ruptures or cavitates--that is, small vacuum pockets are
created which almost immediately collapse. This cavitation
occurs, however, only at or above the sonic intensity level

of the threshold of cavitation. The rapid implosion of thou-
sands of these cavitations provides a rapid and vigorous scrub-
bing action. Because cavitation can be produced essentially
throughout the entire tank, it can provide a scrubbing action
even in blind holes, crevices, and other normally inaccessible

places.
WAVE CURVES SONIC SPECTRUMGRAPH

INTENSITY FREQUENCY TYPICAL TYPICAL

SOFT SOUND LOW SOUND MAGNETOSTRICTIVE  PIEZOELECTRIC
B e — i D 20 20000 40000 100000

‘°U°;°\UN° ~ HIGH SOUND l

£ PALARAAS _ —

7 -/ ~ - SONIC ULTRASONIC

Courtesy of Turco Inc.

Figure 3-9. Sound wave CUrves and spectrumgraph

d. Theory of Ultrasonic Cavitation -- Ultrasonic cleaning utilizes
the scrubbing action of imploding liquid vapor bubbles to loosen
and remove soil from a part. This action is enhanced by using
a cleaning solution as the conducting media,

Ultrasonic energy is transmitted into the cleaning tank by the
transducer on the bottom, or side, of the tank. The transducer,
in vibrating at the ultrasonic frequency, is alternately moving
toward and away from the liquid in the tank. When it moves
toward the liquid, it produces a compression (high pressure)
wave; a rarefaction (low pressure) wave is produced when it
moves away from the liquid.

If the amplitude of the transducer vibration is great enough, the
low-pressure ultrasonic wave will lower the pressure on the
liquid in the tank below its vapor pressure, at the temperature

of operation. When this occurs, thousands of minute vapor bub-
bles are formed in the low-pressure region. One-half cycle
later, the high-pressure wave moves through this region, thereby
causing the vapor to recondense to liquid, thus forming tiny par-
tial vacuum bubbles. These implode with great force. This is
ultrasonic-induced cavitation (i.e., the formation and implosion
of vapor bubbles).
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These cavitation bubbles provide the ultrasonic scrubbing. The
more bubbles formed, the better and faster the ultrasonic clean-
ing. The greater the amplitude of the transducer's vibration
(ultrasonic intensity), the greater the pressure differential be-
tween internal and external pressures on the cavitation bubbles,
and the greater their implosive force, when they implode.

Since cavitation only occurs when the local pressure on the liquid
is reduced to a value less than its vapor pressure, the amplitude
of the ultrasonic waves generated by the transducer must be great
enough to satisfy this condition. This minimum amount of power
is referred to as the '"threshold of cavitation. '' Obviously differ-
ent liquids will have different thresholds, but the threshold must
be exceeded to achieve ultrasonic cleaning. It is only that ultra-
sonic energy above the threshold that is contributing to the forma-
tion of cavitation bubbles and to ultrasonic cleaning.

The effectiveness of the ultrasonically induced cavitation, there-
fore, largely depends on the ultrasonic power intensity in the
cleaning tank.

Physical Properties of Cleaning Liquids -- While all of the liquid
physical properties will have an effect on ultrasonic cleaning, the
cffects of vapor pressure, surface tension, viscosity, and density
are the most pronounced. Since temperature influences these
properties, it also has an influence on the effectiveness of the
cavitation, Fxamination of the individual effects of the four prime
physical properties on cavitation reveals why each liquid has its
own optimum ter'nperature range for most effective cavitation. The
following discussion attempts to denote differences in the cffects of
varying physical properties rather than to establish whether they
are inherently good or bad.

As previously noted, vapor pressure definitely affects the thresh-
old of cavitation. A low vapor pressure increases the threshold,
because a greater pressure reduction is required to cause cavita-
tion to occur than with higher vapor pressures. More of the ultra-
sonic energy is absorbed in getting to the threshold, with the result
that there is less remaining to cause more cavitation bubbles to
form. However, the individual cavitation bubbles, formed when the
vapor pressure islow, implode with greater force because of the
greater internal-external pressure differential, Thus cavitation
bubbles formed at low vapor pressures tend to produce a more
"intense'' (hard) cavitation; but if the vapor pressure is low enough,
so few, if any, are formed that the net cavitation is low, or even
nonexistent.
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With high vapor pressure, the threshold of cavitation is low, and
more of the ultrasonic energy is available to cause larger numbers
of cavitation bubbles to form. However, the bubbles formed at
high vapor pressure implode with less force than those formed at
low vapor pressure, because of the smaller internal-external pres-
sure differential. Thus cavitation bubbles formed at high vapor
pressure tend to produce a less intense (soft) cavitation.

If the vapor pressure is high enough, no implosions will occur,
because the cavitation bubbles will grow so large during the low-
pressure cycle that they do not have enough time to collapse during
the high-pressure cycle. When this happens, the vapor bubbles
increase in size with each succeeding low-pressure wave, until
their buoyancy factor becomes great enough to cause them to rise
to the surface of the liquid, This is known as ''cold boiling'' be-
cause the visual appearance of the liquid surface is identical to
that of a liquid under a gentle boil, although the temperature can
be well below the liquid's boiling point.

Both too high or too low a vapor pressure can adversely affect
ultrasonic cavitation, with the extremes actually preventing cavi-
tation from occurring at all. Optimum results are, therefore,
obtained at moderate vapor pressures.

The fact that the forces opposing the formation of the cavitation
vapor bubbles are also the ones that are involved in their collapse
explains why the maximum cavitation intensity is obtained at an
optimum balance between these two forces.

The effects of surface tension are a good example of this balance
of forces. The liquid's surface tension can be considered as pro-
portional to the elasticity of the vapor bubble wall. Thus, the
greater the surface tension, the greater the force (ultrasonic
energy) required to stretch the bubble wall and expand the vapor
bubble to a larger size. Higher surface tension would also tend
to cause the bubble to collapse faster and with more force
(intensity). While high surface tension would tend to produce
higher intensity cavitation, too high a surface tension can absorb
so much ultrasonic energy, in so minute expansions, that the bub-
bles cannot grow large enough to implode with maximum intensity.

Conversely, low surface tension would not require as much force
(ultrasonic energy) to expand the vapor bubble to a large size., It
also would not exert much force toward causing the bubble to col-
lapse, with a resultant low intensity (soft) implosion.

With surface tension, as with vapor pressures, it is a "middle of
the road" value that gives the best results, A very high surface
tension absorbs too much energy, and too low a surface tension
does not provide the desired cavitation forces.



RELATIVE PROPERTY RANGE

MEDIUM

The effect of higher viscosity is one of damping and absorption of
energy. Since viscosity is really a measure of shear force, higher
viscosities require greater force (ultrasonic intensity) to transmit
the ultrasonic wave through the liquid. Still greater intensities are
required to cause cavitation in highly viscous liquids. Therefore,
the lower the viscosity, the better the ultrasonic cavitation,

The effect of density is basically the common kinetic effect of lift-
ing a given mass to a definite height and letting it fall, It takes more
energy to move a heavier mass, but the impact force is greater., It
does take a bit more ultrasonic energy to expand the cavitation bub-
bles in a higher density liquid than in a low density liquid, but the
higher density liquid implodes with greater impact (i.e., F = ma).
Within the density range of the common liquids used in cleaning,
higher densities produce more intense cavitation.

Considering the effects these four key physical properties have on
cavitation, it is easily seen that high density, low viscosity, and
"middle range" surface tension and vapor pressure are the ideal
conditions for the most intense cavitation, Lower temperatures
give higher density (desirable), higher viscosity (less desirable),
higher surface tension (less desirable), and lower vapor pressure
(less desirable). Higher temperatures, near the liquid's boiling
point, produce lower density (less desirable), lower viscosity
(desirable), lower surface tension (less desirable), and higher
vapor pressure (less desirable). (See Figure 3-10,)

PROPERTY
VAPOR PRESSURE VISCOSITY SURFACE TENSION DENSITY
HIGH 1
TF[Soft] ¥ [Hard]
X [Hard) X [Soft)
*
Low

Figure 3-10. Relative ranges of liquid physical properties
for maximum cavitation intensity
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RELATIVE CAVITATION INTENSITY

111-48

Due to temperature effects on these four physical properties, the
best (most intense) cavitation will be considerably below the liquid's
boiling point, but not so low as to get into the adverse regions of too
low vapor pressure and too high a surface tension. Different liquids
will have different temperatures at which the cavitation intensity will
be the most intense, because of differences in physical properties
and their rates of change with temperature. Thus, the cavitation
intensity will be less either above or below this ideal temperature.

For ethyl alcohol this ideal temperature, at a pressure of one atmos-
phere, is in the range of 65° to 70°F for maximum cavitation intensity
(Figure 3-11). Water cavitates best in the range of 140° to 160°F,
with a peak about 150°F. As temperature decreases from the ideal,
cavitation intensity falls off gradually, but the rate of decrease in
intensity with decreasing temperature will vary with different liquids.

T o T o T 1 T 1 1 1
40 50 60° 70° 809 90° 100° 110°
TEMPERATURE °F

Figure 3-11. Relative cavitation intensity versus
temperature for ethanol



As temperature increases above the ideal, cavitation intensity
falls off quite rapidly. Apgain the rate of change is different for
each liquid. Water at 180°F only cavitates with about two-thirds
the intensity that it has at 150°F, while ethyl alcohol falls to

about 50 to 75 percent of its peak intensity at 85°F, and to about
20 percent of peak at 100°F. Because ethyl alcohol cavitates with
a softer (less violent) cavitation, even at its peak intensity, de-
creases in its intensity can markedly influence cleaning results.

It is true that increasing temperature usually improves the chemi-
cal action of the cleaning solutions. In some cases, the improve-
ment in chemical action with increased temperature is great enough
to actually result in better cleaning, even at 10° to 30°F above the
ideal temperature for best cavitation., However, further increases
in temperature result in such a marked decrease in cavitation in-
tensity that the overall cleaning also decreases, despite the better
""chemical action'' at the higher temperature. The point at which
this occurs may be considered the '"maximum effective operating
temperature'' because higher temperatures prevent gaining any
appreciable benefits from ultrasonic cavitational activity. For
water, this temperature is about 180°F; for ethyl alcohol and
methylene chloride, it is about 85°F, while other liquids have
their own characteristic '"max temperatures.!' Cavitation effec-
tively ceases when a cleaning fluid reaches its boiling point.

Since the addition of cleaning chemicals to a liquid affects the
physical properties of surface tension, viscosity, and density,
these materials also affect the ideal temperature as well as the
maximum temperature of the liquids to which they are added.
Each cleaning mixture, therefore, has a temperature range in
which it functions best as an ultrasonic cleaning material. Fail-
ure to use it in this range can result in failure to achieve satis-
factory cleaning,

It is important that the ultrasonic cleaning equipment be able to
produce the power intensity required for the particular cleaning
job. It is also important that it have sufficient total power out-
put to handle the parts load it is expected to clean. It is equally
important, however, that the proper cleaning chemical be used
within its best cleaning temperature range, if the ultrasonic
equipment is to be capable of producing the proper cleaning
results,

f.  Operation -- A complete ultrasonic cleaning system is complex.
It is necessary to consider many factors to achieve maximum
cleaning effectiveness., Some of these factors, along with their
relation to effective ultrasonic cleaning, are shown in Table 3-19,
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Cleaning Applications and Soils Removed -- Allied with some of
the advantages of ultrasonic cleaning, mentioned previously, are
the variety of applications and the effectiveness in removing a
wide range of soils displayed by the ultrasonic cleaning process.
The following information presents typical examples of cleaning
solutions used, types of soils removed, and the types of parts
that can be cleaned by ultrasonic methods.

Although many variations of basic cleaning solutions are commer-
cially available under their trade names, the following are often
used:

Water Other aqueous solutions
Deionized water Ethanol

Water + surfactants Chlorinated hydrocarbon solvents
Water + mild acid Fluorinated hydrocarbon solvents
Water + mild alkali Water + solvents

Examples of the types of soils removed by ultrasonic cleaning are:

Small particulate matter Graphite and drawing compounds
Light oils and grease Microbial contaminants

Buffing and polishing compounds Fingerprints

Resists Heat scale

Solder flux Abrasive dust

Coolant residue

A representative list of parts that can be ultrasonically cleaned are:

Bearings Filters

Precision gears Semiconductors

Printed circuit boards Microfilm

Lenses Electrical and electronic
Timing mechanisms components
Hydraulic system components Surgical instruments

The preceding listings are not intended to be inclusive, but they indi-
cate the variety of cleaning situations in which ultrasonic cleaning
can be applied successfully. No attempt is made to recommend the
solvent, procedures, or detailed ultrasonic process for a specific
cleaning situation, since all of the variables discussed in this section
should be considered.

Ultrasonic cleaners, if properly used, offer the user the advantages
of fast and effective cleaning. The full capability of an ultrasonic
cleaner cannot be realized, however, unless care is taken in the
selection of the proper cleaning solution.

Properly formulated compounds and cleaning solutions perform the
following important functions in an ultrasonic cleaning tank:

(1) lower interfacial tension, providing better contact of the
cleaning solution with the soiled parts

I11-51



1I11-52

(2) lower surface tension, decreasing energy losses from
cavitation heating

(3) penetrate the soil rapidly, thus allowing the ultrasonic
scrubbing action to take maximum effect at the point of
contact between soil and part

(4) react chemically with the soil, which, in some instances,
decreases removal and dispersion time

(5) aid in dispersing the soil and prevent soil redeposition
when the part is removed from the ultrasonic cleaning

tank.

Generator -- The function of the ultrasonic generator is to convert

line voltage (110-220-440 volts) to high-frequency electrical energy.

Generators are of two basic types: electronic and motor alternator.

Electronic generators may be either tube or solid state. These are

available in half wave, full wave, and continuous unmodulated gener-
ators.

One method for comparing generators can be expressed in terms of

the ratio of peak power output to average power output. On this -
basis, three types of generators are compared in Table 3-20.

TABLE 3-20
Comparison of Generator Outputs

Peak Power Output to
Type of Generator Average Power Output

Half wave 25%
Full wave 50%
Continuous 70.7%

Another common method of describing ultrasonic generators is by
the average power intensity delivered to the cleaning tank. This
may be expressed in three ways: watts per gallon of solution,

watts per square inch of transducer face, and watts per square

inch of tank cross section. The derivation and use of these methods
of measurement are described in Table 3-21., Proper tuning of an
ultrasonic generator is very important. The purpose of tuning the
generator is to keep the cleaning tank in acoustic resonance.



TABLE 3-21

Methods of Calculating Generator Output

Method

Derivation

Application

Watts per gallon

Divide average power of
generator by the volume
of the solution

Indication of needed tank heating
and cooling requirements

Watts per square
inch of transducer
face

Divide average power of
generator by the trans-
ducer area (in. 2)

Indication of power intensity when
using side-mounted, immersible
or partial area transducers

Watts per square
inch of tank cross
section

Divide average power of
generator by tank cross-
sectional area (in. 2)

Furnishes average power intensity
(W/in. 2) for complete tank, nor-
mal rating factor for standard
bottom-mounted transducers

Acoustic resonance is affected by solution density, chamber
dimensions (liquid level), acoustic impedance (degree of parts
loading), and temperature (effect on sound velocity). A change

in any of these factors affects the resonance of the cleaning tank
and thereby the level of cavitational intensity of which the unit is

capable of producing. The effect of nonresonance is shown in
Table 3-22.

TABLE 3-22

Resonance Versus Nonresonance at Full Power

Relative  Cavitational
Resonant Condition Intensity
In resonance 10
Off resonance, 110 cycles 8
Off resonance, 225 cycles 4
Off resonance, 450 cycles 1

The three standard types of tuning methods for ultrasonic genera-

tors are:

manual, fixed, and automatic. The discriminating
features of these tuning methods are described in Table 3-23,
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TABLE 3-23
Ultrasonic Generator Tuning Methods
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Tuning
Method Characteristics

Manual Variable tuning within the available tuning range; accurate
tuning depends on operator knowledge of the changes and
effects of each variable factor; must be retuned for opti-
mum cleaning efficiency as the factors change.

Fixed Tuning is fixed for one set of operating conditions; may
be satisfactory for high production if all variables remain
constant; less flexibility.

Automatic Adjusts automatically to changing factors; eliminates
chance for operator error; more complex mechanism;
assures optimum cavitation intensity,

i. Transducers -- The ultrasonic transducer converts high frequency

electrical energy into mechanical vibrations. The transducer pro-

vides the ''driving'' force through the tank structure {or plate for
submersible transducers) which causes ultrasonic cavitation., It
is, therefore, sometimes called the heart of an ultrasonic cleaning
system.

There are basically two types of transducers, electrostrictive
(piezoelectric) and magnetostrictive. There are significant differ-

ences between the two types as well as among variations within the
same type. The information in Table 3-24 attempts to point out
these technical differences. Photographs showing structural dif-
ferences are shown in Figure 3-12,

Electronic Components -~ Electronic components such as transistors,

diodes, semiconductors, and assembled circuit boards have been
damaged as a result of being cleaned in ultrasonic cleaners. Since
it is also well established that such components can be successfully
cleaned by this method, it is important to observe the rules set forth
in Table 3-25,

Ultrasonic Cleaning Efficiency -- Many techniques are available for

measuring or deriving a measure of ultrasonic cleaning efficiency.
The selection of any specific technique usually depends on the parame-
ter to be measured.

Many of the factors mentioned earlier in this section affect the effi-
ciency of an ultrasonic cleaning unit. In review, these are:

(1) generator type and frequency output



(2) transducer type and average power output

(3) temperature and properties of cleaning solution

(4) parts loading and positioning

(5) impedance and acoustical matching,

TABLE 3-24

Types and Characteristics of Ultrasonic Transducers

Material and

Type Construction Characteristics
Electrostrictive Artificially polarized High voltage, low amperage;
ceramic wafer of operates inthe 40 kc and higher
barium titanate range; subject to thermal and me-
chanical shock damage and to de-
polarization from heat; spaced in
array fashion.
Electrostrictive Artificially polarized Essentially same as above, but
(alloy) ceramic wafer of lead- can withstand higher operating
zirconate-titanate alloy temperature and power inputs.
Modified Ceramic wafers of the Effect of metal blocks dampens
electrostrictive above types sandwiched output to the subharmonic 20 to
between two blocks of 25-kc range, although some are
metal available which operate at 40 kc.
Magnetostrictive Usually consists of Resistant to thermal and mechani-
stacks of sheet nickel cal shock; relatively high mass
clamped together to and weight; cperates in the 20 to
form a core 25-kc range; lower electrical-to-
mechanical efficiency than elec-
trostrictive,
Modified Honeycomb-type con- Shock resistant; low mass and
magnetostrictive struction of laminated weight, higher mechanical-to-

nickel

acoustical efficiency; operates in
20 to 25-~kc range; high transducer-
to-radiating surface ratio; uniform
and high power intensity.
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LEAD ZIRCONATE TITINATE ELECTROSTRICTIVE
{Courtesy of Branson Instruments)

ZERO SPACED
MAGNETOSTRICTIVE
(Courtesy of Bendix Corp.)

s # SPACE LAMINATION MAGNETOSTRICTIVE
{Courtesy of Turco Products)

Figure 3-12. Ultrasonic transducers
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TABLE 3-25

Considerations for Ultrasonically Cleaning Electronic Components

Parameter Resolution

Physical structure Components manufactured by some producers are not struc-
turally sound enough to withstand ultrasonic cleaning. The
alternatives are to .clean them in another manner or use
other components that can be cleaned ultrasonically.

Power intensity Anydelicate component has anupper limit for power intensity
with reference to time., A maximum of 5 W/in. “ at a
nominal 20 kc is suggested,

Power uniformity Cleaners with a nonuniform power intensity can expose
components to higher intensities than those recommended
for safe operation on electronic components.

Mass of load Electronic components, particularly circuit boards, should
be ultrasonically cleaned in racked loads, not as individual
parts,

Dwell time The time the parts are exposed (immersed) to ultrasonic

cavitation should be very closely controlled; 5 to 15 sec-
onds is usually sufficient, depending on all other considera-
tions,

Cleaning solution The type of solution has a direct effect on the type (hard or
soft) of cavitation produced., Solutions with those qualities
producing soft cavitation, i.e., high-vapor pressure and
low-surface tension, should be used.

Some of the methods advanced for measuring the performance of
ultrasonic cleaning units are in reality a measure of cavitation
intensity., Cleaning efficiency and cavitation intensity are not
synonymous, but a close relationship between the two exits, since
the principal ingredient in ultrasonic cleaning is cavitation inten-
sity. Other methods attempt to measure different parameters to
which some correlation to cleaning efficiency can be proven or
logically assumed.

Some of the more widely accepted methods of evaluation are in-
cluded in Table 3-26. A reasonably complete list of known and
proposed methods is shown in Table 3-27,
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It should be emphasized that the ultimate test for ultrasonic
cleaning efficiency is whether the desired cleaning function
is achieved. Stated another way, are the parts cleaned to
the desired cleanliness level, and in the shortest reasonable
time? Other factors such as damage to parts and effective
service life should also be considered.

It is suggested that the criteria for an ideal monitoring method
should include at least the following points:

(1) adaptable to both beaker and tank cleaning

(2) simple to administer in terms of time and procedure
(3) not dependent on human judgment

(4) repeatable and reliable

(5) meaningful in terms of cleaning effectiveness

(6) numerical readout in standard units.

1. Hazards -- Prolonged contact of any part of the body with ultra-
sonically activated equipment or solutions could cause bone or
tissue damage. However, the body part would usually be
removed from the solution by reflex action, due to heat and
pain, before any damage could occur. Sound frequencies in the
subultrasonic (15 to 18 kc) range may be painful but not neces-
sarily harmful to the ear. It is recommended that prolonged
exposure to these frequencies be avoided, although it should be
noted that these frequencies are below the ultrasonic range.
Any ultrasonic cleaning system should be properly grounded to
prevent electric shock.

3.4,4 Drying Methods

The subject of drying is closely associated with parts cleaning. Several methods
are discussed in this section because each may have application depending on the clean-
ing situation encountered. It should be pointed out, however, that the environment dur-
ing cleaning and drying, and prior to the next operation, must be sufficiently clean to
maintain the level of cleanliness achieved by the cleaning operation, If superclean sur-
faces are required, cleaning and drying operations should be performed in a clean
hench or clean room environment.

Drying methods are generally divided into the following categories:

Mechanical Chemical Thermal
Wiping Alcohol Ovens
Air blowoff Acetone Infrared
Dry nitrogen blowoff Freon T-WD 602 Light banks
Sonic Freon T-DA 35 Vacuum ovens
Trisec
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More detailed information on these methods is given in Table 3-28,

TABLE 3-28
Characteristics of Drying Methods

Method

Drying Action

Remuarks

Wiping

Absorption by wiping
material

Use lint-free cloth; usually gross or
predry operation; not preferred.

Air blowoff

Physical force displaces
cleaning solution; air
movement oids evapora-
tion

Air-supply line must have filter, water
trap, and regulator; use care in not
agitating other contamination in imme-
diate environment,

Dry nitrogen
blowofl

Same as above

Essentially same as above; final dry-
ing for precision work.

Sonic

Moisture concentration
gradient near part surface
modified by air agitation
by sound waves; extraction

Not too widely used with metals; can
be used with heat-sensitive parts or
where high-velocity air would cause
damage.

Alcohol and
acetone

May combine cleaning and
drying; water absorption;
rapid cvaporation

Effective in some cleaning operations;
requires caution in handling; highly
flammable.

Freon
T-WD 602

Water emulsification
Vapor evaporation

Dries traces of residual water from
surfaces, small holes, and cracks;
used in ultrasonic or vapor-degreasing
equipment.

I'reon

T-DA 35

Water displacement

Removes large or small guantitics of
water from metals, plastics, and ma-
terial combinations; used in conjunc-
tion with Freon TF in specially de-
signed, vapor degreasers; parts must
be properly oriented in the solution;
sece Figure 3-13.

Triscc

Water displacement

Combination of chlorinated solvent and
a calionic surfactant; requires modi-
fied vapor degreaser.

Ovens

Fvaporation by heat

Should be recirculating, indirect gas-
fired or electrically heated, with high-
volume static exhaust; not applicable
for heat-sensitive materials.

Infrared and
heat light bank

Fvaporation by heat

Not normally used if contamination
control is a factor; usually a conveyor-
ized operation,
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WATER SEPARATION DRYING 1st RINSE 2nd RINSE
AND SOLVENT RECIRCULATION SUMP SUMP SUMP

Courtesy of E. I. du Pont de Nemours and Company

Figure 3-13. Freon T-DA 35 drying system

a. Displacement Drying -- Due to the relative newness of water
displacement drying systems, some of the distinguishing charac-
teristics of this type system are listed below:

(1) relatively low operating temperature - <120°F
(2) drying cycle can be completed in 4 to 7 minutes
(3) nonflammable, low hazard materials

(4) Freon T-DA 35 and water are immiscible; therefore,
the water is separated and discharged without contami-
nating the solvent

(5) spot-free and contamination-free surfaces are obtainable.

3.5 Cleaning Agents

In a contamination control program, the selection and proper use of an effective
cleaning agent are usually a vital consideration. The solvent selected not only must be
compatible with the cleaning method and materials of construction but also must be
capable of removing the soils encountered to the desired degree and within practical
time limits.

It is often necessary to incorporate the use of different cleaning agents to remove
different types of soils or to set up a progressive cleaning operation such that the final
stage produces the needed cleanliness level, The planning effort for a cleaning operation
must consider many factors, the most important of which is the solvent chemistry. This,
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as well as properties and characteristics of the cleaning agents, is discussed in succeed-
ing portions of this section.

The list of commercially available cleaning agents is too long to include in this
handbook. They are, therefore, treated in various types of groups. The composition
of these groups may be determined by chemical composition, soils removed, affect on
materials, or function. Individual cleaning agents are also considered as points of
reference to the more commonly used formulations or when they are indicative of a

group.

NOTICE

With reference to cleaning agents, no attempt is made to include all
trade name products. The variety and number of these products caused
by special formulations and different trade names for the same agent
preclude such a listing.

Some products are named as an indication of the type or class of
cleaning agent being described. The use of any trade or company name
does not constitute an endorsement of that product, nor should the ab-
sence of any name be construed as a lack of confidence in any manufac-
turer, supplier, or product.

3.5.1 Kauri-Butanol Values

Solvent power or solvency can be measured in many ways. Inorder to be com-
parative, however, a known or established standard must be used. For purposes of
standardization, the solvent industry, as well as some users, have adopted the kauri-
butanol system.

Solvent power as expressed by kauri-butanol values is the amount of solvent
which when added to a standard kauri gum solution in butanol produces a definite tur-
bidity as compared to the amount of benzene used in a similar titration. As deter-
mined, it is the number of milliliters of solvent that must be added to 20 grams of
standard kauri solution at 25°C to produce sufficient precipitate of the gum, so that a
printed sheet of paper (10-point century type) will appear blurred and illegible when
viewed through the flask containing the solution. In most cases, 100 milliliters of
benzene will produce the desired condition. The kauri-butanol number for benzene,
therefore, is 100.0, which is the arbitrarily accepted standard.

Kauri-butanol values serve as a guide or index of relative solvency power, using
an arbitrary standard. In this respect, and in the absence of a more precise method,
these values serve a purpose, It must be emphasized, however, that kauri-butanol
values may not be indicative of the most effective solvent in a specific cleaning situa-
tion. Other factors such as temperature, time, cleaning method, and materials must
also be considered.
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Kauri-butanol values for some representative and commonly used solvents are
listed in Table 3-29,

TABLE 3-29

Kauri-Butanol Values for Representative Solvents

Kauri- Butanol
Solvent Value
Trichlorotrifluoroethane 31
Stoddard solvent 34
Mineral spirits 39
Perchloroethylene 30
1,1, 1-Trichloroethane 124
Trichloroethylene 130
Methylene chloride 136
Chloroform 208

3.5.2 Properties and Characteristics

As pointed out previously, the properties and characteristics of a cleaning agent
are of prime importance because they affect or have a distinct bearing on all other
cleaning considerations. Disregard for these factors can result in incomplete cleaning,
damage to materials, improper application of cleaning methods, and higher costs. The
properties of cleaning solvents are shown in Table 3-30.

The physical properties of solvents are fairly well known to those working in the

cleaning field. In addition, these properties are readily available from chemistry hand-
books, cleaning reference books, and charts prepared by the major chemical producers.
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The fact that these data are available does not assure, however, that full
significance of the data is known and understood by people responsible for specifying
cleaning operations. Solvent candidates for a specific cleaning job should be analyzed
in detail to determine the most effective solvent for a specific application, Table 3-31
describes the significance of some of the physical properties important to cleaning.

3.5.3 Effects on Materials of Construction

No cleaning system can be considered optimum unless the effect of the cleaning
agent on the material of construction is considered. This consideration will not en-
hance cleaning effectiveness, but it is vital to preserving the finishes and integrity of
the materials being cleaned.

While many agents are inhibited to prevent material damage, some tend to lose
their inhibitive qualities or to combine with other elements to form acids after pro-
longed use. This factor should be taken into account when developing operating con-
trols and maintenance programs,

Cleaning agent manufacturers should be consulted for information on the effects
of their products on specific materials to be cleaned. It is further suggested that tests
be run under actual operating conditions to determine what effect, if any, the cleaning
agent will have on the material.

The effects of some common cleaning solvents on selected materials are shown
in Table 3-32.

3.5.4 Effects on Soils

Cleaning agents by their nature have been found or are designed to be effective
in removing certain types of soils from surfaces., The degree of effectiveness depends
to a large extent on the reaction of the soil to the solvent chemistry., Other factors
such as the cleaning method, exposure time, and solution temperature will also di-
rectly affect cleaning efficiency.

Table 3-33 presents a comparison of cleaning agent effectiveness in removing

certain types of soils. This information is general in nature because of the many
variables involved in any given cleaning situation.

3.5.5 Cleaning Agents and Compatible Cleaning Methods

Throughout this handbook, the need for a thoroughly engineered cleaning system
for each cleaning situation is stressed. The systems approach which considers all fac-
tors is most important. A list of cleaning agents (pp. 76-92) provides information which
may be used as a guide in selecting the proper cleaning agent for a particular cleaning
method. Other factors such as time, agitation, soil, and materials of construction must
be considered before a proper cleaning agent can be selected.
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TABLE 3-30

Solvent Properties Comparison Chart

Evaporation
Rate
Pounds {Carbon
' per Boiling Freezing Tetra- Coefficient
i Molecular Gal at Range Point chloride of Fxpansion
Aromatics Formula Weight 68°F (°F) °F) = 100) per °F
BENZOL (Benzene) C(iHG 78,11 7.32 172-176 41.9 95 0.60069
TOLUOL (Toluene) CbHS(CHS) 92.13 7.20 228-232 139.0 58 0.00061
XYLOL (Xylene} C6H4(CH3)2 106.16 7.17 261-318 - 45 0.00055
(mixed isomers) :
m-CRESOL C7H70H 108,13 8.66 396-406 [51,6-53.6 - -
Alphatic Petroleum
n- PENTANE CHS(CHZ)B CH, 72,15 5.22 91-106 -201.5 271 0.00079
60°F .
TEXTILE SPIRITS - - 5.75 145-175 - - 0.00072
n-HEXANE CHB(C}12)4CH3 86.17 5.51 151-160 -139.5 139 0.00075
n-HEPTANE C113(('HZ)5CH3 100.20 5.71 196-214 -131.1 97 0.00068
VM & P NAPHTHA - - 6.2960 F 236-292 <-50 37 0.00061
60°F \
HI-FLASH VM & P - - 6,33 240-320 <-50 8 0,00061
NAPHTHA
60°F . . .
MINERAL SPIRITS - - 6,51 307-385 -92 - 0.00054
NO. 10
. . 60°F | o X
STODDARD SOLVENT - - 6,47 310-388 <-45H 61 0.00061
MINERAL SPIRITS - - 6.5860 F 1 314-300 <-50 - 0.00050
VARSOL-1 - - 6.5860 ¥ 322-386 - - -
1180°F | . ,
ODORLESS MINERAL - - 6,31 352-398 - - 0,00061
SPIRITS
KFROSENE - - G.7760 ¥ 374-503 - - 0.00050
INK SOLVENT - - 6.?960 ¥ 512-610 - - -

NOTES:

*In oxygen.
**%Threshold limit values for 1965, American
xFstimated,

Conference of Governmental Industrial Hygienists,

Reprinted with permission 